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gagtaaatcctgtgtgctaattgaggtgcattggtctgcaaatcgagttgctaggcaataaacacatttggattaattttaatcgt
tcgttgagcgattagcagagaactgaccagaacatgtctggtcgtaaagctcagggaaaaaccctgggcgtcaatatggt
acgacgaggagticgctccttgtcaaacaccatggtgagcaagggcgaggagctgttcaccgggagtggtgcccatectgg
tcgagctggacggcgacgtaaacggccacaagttcagegtgtccggcgagggcgagggcegatgeccacctacggcaag
ctgaccctgaagttcatctgcaccaccggcaagcetgeccgtgecctggeccaccctecgtgaccaccctgacctacggegtg
cagtgcttcagccgctaccccgaccacatgaagcagcacgacttcticaagtccgecatgecccgaaggctacgtccagga
gcgcaccatcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaagticgagggecgacaccctggtgaa
ccgcatcgagctgaagggcatcgacticaaggaggacggcaacatcctggggcacaagcetggagtacaactacaaca
gccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgagg
acggcagcgtgcagctcgeccgaccactaccagcagaacacccccatcggegacggccccgtgctgetgcccgacaac
cactacctgagcacccagtccgccctgagcaaagaccccaacgagaagcegcegatcacatggtecetgetggagttcgtga
ccgccgccgggatcactctcggcatggacgagctgtacaagcttggattgtcctcaaggaaacgcecgttcccatgatgttct
gactgtgcaattcctaattttgggaatgctgttgatgacgggtggagtgaccttggtgcggaaaaacagatggttgctectaa
atgtgacatctgaggacctcgggaaaacattctctgtgggcacaggcaactgcacaacaaacattttggaagccaagtact
ggtgcccagactcaatggaatacaactgtcccaatctcagtccaagagaggagccagatgacattgattgetggtgctatg
gggtggaaaacgttagagtcgcatatggtaagtgtgactcagcaggcaggtctaggaggtcaagaagggccattgacttg
cctacgcatgaaaaccatggtttgaagacccggcaagaaaaatggatgactggaagaatgggtgaaaggcaactccaa
aagattgagagatggttcgtgaggaaccccttttttgcagtgacggctctgaccattgcctacctigtgggaagcaacatgac
gcaacgagtcgtgattgccctactggtcttggctgtiggtccggcectactcagctcactgcattggaattactgacagggatttc
attgagggggtgcatggaggaacttgggtitcagctaccctggagcaagacaagtgtgtcactgttatggcccctgacaag
ccttcattggacatctcactagagacagtagccattgatagacctgctgaggtgaggaaagtgtgttacaatgcagttctcac
tcatgtgaagattaatgacaagtgccccagcactggagaggcccacctagctgaagagaacgaaggggacaatgegtg
caagcgcacttatictgatagaggctggggcaatggctgtggcctatitgggaaagggagcattgtggcatgcgccaaattc
acttgtgccaaatccatgagtttgtttgaggttgatcagaccaaaattcagtatgtcatcagagcacaattgcatgtagggacc
aagcaggaaaattggaataccgacattaagactctcaagtttgatgccctgtcaggctcccaggaagtcgagttcattgggt
atggaaaagctacactggaatgccaggtgcaaactgcggtggactttggtaacagttacatcgctgagatggaaacagag
agctggatagtggacagacagtgggcccaggacttgaccctgccatggcagagtggaagtggegggatgtggagagag
atgcatcatcttgtcgaattigaacctccgcatgccgccactatcagagtactggccctgggaaaccaggaaggctcecttga
aaacagctcttactggcgcaatgagggttacaaaggacacaaatgacaacaacctttacaaactacatggtggacatgttt
cttgcagagtgaaattgtcagctttgacactcaaggggacatcctacaaaatatgcactgacaaaatgttttttgtcaagaac
ccaactgacactggccatggcactgttgtgatgcaggtgaaagtgtcaaaaggagccccctgcaggattccagtgatagta
gctgatgatcttacagcggcaatcaataaaggcattitggttacagttaaccccatcgcctcaaccaatgatgatgaagtgct
gattgaggtgaacccaccttttggagacagctacattatcgttgggagaggagattcacgtctcacttaccagtggcacaaa
gagggaagctcaataggaacgttgttcactcagaccatgaaaggcgtggaacgcctggccgtcatgggagacaccgcect
gggatttcagctccgctggagggttcttcacttcggttgggaaaggaattcatacggtgtttggctctgectttcaggggctattt
ggcggcttgaactggataacaaaggtcatcatgggggcggtacttatatgggttggcatcaacacaagaaacatgacaat
gtccatgagcatgatcttggtaggagtgatcatgatgtttttgtctctaggagttggggeggatcaaggatgegecatcaacttt
ggcaagagagagctcaagtgcggagatggtatcttcatatttagagactctgatgactggctgaacaagtactcatactatc
cagaagatcctgtgaagcttgcatcaatagtgaaagcctcttttgaagaagggaagtgtggcctaaattcagttgactecctt
gagcatgagatgtggagaagcagggcagatgagatcaatgccatttttgaggaaaacgaggtggacatttctgttgtcgtg
caggatccaaagaatgtttaccagagaggaactcatccattttccagaattcgggatggtctgcagtatggttggaagacttg
gggtaagaaccttgtgttctccccagggaggaagaatggaagcttcatcatagatggaaagtccaggaaagaatgeccgt
tttcaaaccgggtctggaattctttccagatagaggagtttgggacgggagtgattcaccacacgcegtgtacatggacgcagt
ctttgaatacaccatagactgcgatggatctatcttgggtgcagcggtgaacggaaaaaagagtgcccatggcetctccaac
attttggatgggaagtcatgaagtaaatgggacatggatgatccacaccttggaggcattagattacaaggagtgtgagtag
ccactgacacatacgattggaacatcagttgaagagagtgaaatgttcatgccgagatcaatcggaggceccagttagcetct
cacaatcatatccctggatacaaggttcagacgaacggaccttggatgcaggtaccactagaagtgaagagagaagctt
gcccagggactagegtgatcattgatggcaactgtgatggacggggaaaatcaaccagatccaccacggatageggga
aagttattcctgaatggtgttgccgctectgcacaatgecgectgtgagcettccatggtagtgatgggtgttggtatcccatgga
aattaggccaaggaaaacgcatgaaagccatctggtgcgctcctgggttacagctggagaaatacatgcetgteccttttggt

Fig. 8A
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ttggtgagcatgatgatagcaatggaagtggtcctaaggaaaagacagggaccaaagcaaatgttggttggaggagtag
tgctcttgggagcaatgctggtcgggcaagtaactctectigatttgectgaaactcacagtggcetgtgggattgcatttccatga
gatgaacaatggaggagacgccatgtatatggcgttgattgctgccttttcaatcagaccagggctgcetcatcggcetttggge
tcaggaccctatggagccctcgggaacgccttgtgectgaccctaggagcagecatggtggagattgecttggatggegtga
tgggcggcctgtggaagtatctaaatgcagtttctctctgcatcctgacaataaatgctgttgctictaggaaagcatcaaata

ccatcttgcccctcatggctetgttgacacctgtcactatggctgaggtgagacttgeccgcaatgticttttgtgecgtggttatcat
aggggtccttcaccagaatttcaaggacacctccatgcagaagactatacctctggtggccctcacactcacatcttacctg

ggcttgacacaaccttititgggcctgtgtgcatttctggcaacccgcatatttgggcgaaggagtatcccagtgaatgaggcea
ctcgcagcagctggtctagtgggagtgctggcaggactggcttttcaggagatggagaacttccttggtccgattgecagttgg
aggactcctgatgatgctggttagcgtggctgggagggatggatgggctagagctcaagaagcttggtgaagtttcatggga

agaggaggcggagatcagcgggagttccgcccgctatgatgtggcactcagtgaacaaggggagticaagcetgctttctg
aagagaaagtgccatgggaccaggttgtgatgacctcgctggccttggttggggactgccctccatecatttgetcettetgetgg
tccttgctagggtggctgtttcatgtcaggggagctaggagaagtggggatgtctigtgggatattcccactcctaagatcateg

aggaatgtgaacatctggaggatgggatttatggcatattccagtcaaccttcttgggggcctcccagcgaggagtgggagt
ggcacagggaggggtattccacacaatgtggcatgtcacaagaggagctttccttgtcaggaatggcaagaagttgattce
atcttgggcticagtaaaggaagaccttgtcgcctatggtggctcatggaagttggaaggcagatgggatggagaggaag

aggtccagttgatcgcggcetgttccaggaaagaacgtggtcaacgtccagacaaaaccgagcettgttcaaagtgaggaat
gggggagaaatcggggctgtcgctcttgactatccgagtggcacticaggatctcctattgttaacaggaacggagaggtg

attgggctgtacggcaatggcatccttgtcggtgacaactcecttcgtgtccgecatatcccagactgaggtgaaggaagaag
gaaaggaggagctccaagagatcccgacaatgctaaagaaaggaatgacaactgtccttgattticatcctggagetggg
aagacaagacgtttcctcccacagatcttggccgagtgecgcacggagacgcetigegceactcttgtgttggecececcaccagg
gttgtictttctgaaatgaaggaggcttitcacggcectggacgtgaaattccacacacaggctttttccgctcacggecageggg
agagaagtcattgatgccatgtgccatgccaccctaacttacaggatgttggaaccaactagggtigttaactgggaagtga
tcattatggatgaagcccattttttggatccagctagcatagccgctagaggttgggcagcgcacagagctagggcaaatg

aaagtgcaacaatcttgatgacagccacaccgcectgggactagtgatgaatttccacattcaaatggtgaaatagaagatg
ttcaaacggacatacccagtgagccctggaacacagggcatgactggatcctagctgacaaaaggcccacggcatggtt
ccttccatccatcagagctgcaaatgtcatggegcectctttgegtaaggetggaaagagtgtggtggtcctgaacaggaaaa
cctttgagagagaataccccacgataaagcagaagaaacctgactttatattggccactgacatagctgaaatgggagee
aacctttgcgtggagcgagtgctggattgcaggacggcttttaagcctgtgcettgtggatgaagggaggaaggtggceaata

aaagggccacticgtatctccgecatectetgetgctcaaaggagggggcgceattgggagaaatcccaacagagatggag

actcatactactattctgagcctacaagtgaaaataatgcccaccacgtctgctggttggaggcctcaatgctcettggacaac
atggaggtgaggggtggaatggtcgccccactctatggcgttgaaggaactaaaacaccagtttccectggtgaaatgag

actgagggatgaccagaggaaagtcttcagagaactagtgaggaattgtgacctgcccgtttggctttcgtggcaagtgac

caaggctggtttgaagacgaatgatcgtaagtggtgttttgaaggccctgaggaacatgagatcttgaatgacagecggtga

aacagtgaagtgcagggctcctggaggagcaaagaagcctctgcgececcaaggtggtgtgatgaaagggtgtcatetgac
cagagtgcgctgtctgaatttattaagtttgctgaaggtaggaggggagcetgetgaagtgctagttgtgctgagtgaactcect
gatttcctggctaaaaaaggtggagaggcaatggataccatcagtgtgttcctccactectgaggaaggcetctagggcttace
gcaatgcactatcaatgatgcctgaggcaatgacaatagtcatgctgtttatactggctggactactgacatcgggaatggte
atctttttcatgtctcccaaaggcatcagtagaatgtctatggcgatgggcacaatggccggcetgtggatatctcatgttecttgg
aggcgtcaaacccactcacatctcctatgtcatgctcatattctttgtcctgatggtggttgtgatccccgageccagggcaaca

aaggtccatccaagacaaccaagtggcatacctcattattggcatcctgacgctggtttcageggtggcagecaacgagcet
aggcatgctggagaaaaccaaagaggacctctttgggaagaagaacttaattccatctagtgcticaccctggagttggec
ggatcttgacctgaagccaggagctgcctggacagtgtacgttggcattgttacaatgctctctccaatgttgcaccactggat
caaagtcgaatatggcaacctgtctctgtctggaatagcccagtcagectecagtcectttctitcatggacaaggggataccatt
catgaagatgaatatctcggtcataatgctgctggtcagtggctggaattcaataacagtgatgcctctgctctgtggcatagg
gtgcgccatgctccactggtctetcattitacctggaatcaaagcgcagcagtcaaagettgcacagagaagggtgttccat

ggcgttgccgagaaccctgtggttgatgggaatccaacagttgacattgaggaagctcctgaaatgectgcecctttatgaga
agaaactggctctatatctccttcttgctctcagcctagctictgttgccatgtgcagaacgceccttttcattggctgaaggceattgt
cctagcatcagctgcecttagggcecgctcatagagggaaacaccagccttctttggaatggacccatggctgtctccatgaca
ggagtcatgagggggaatcactatgcttttgtgggagtcatgtacaatctatggaagatgaaaactggacgeccgggagag

cgcgaatggaaaaactttgggtgaagtctggaagagggaactgaatctgttggacaagcgacagtttgagttgtataaaag

Fig.8B
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gaccgacattgtggaggtggatcgtgatacggcacgcaggcatttggccgaagggaaggtggacaccggggatagegat
ctccagggggaccgcaaagttaaggtggttccatgagcgtggctatgtcaagctggaaggtagggtgattgacctgggatg
tggccgcggaggcetggtgttactacgcetgctgcgcaaaaggaagtgagtggggtcaaaggatttactettggaagagacg
gccatgagaaacccatgaatgtgcaaagtctgggatggaacatcatcaccticaaggacaaaactgatatccaccgecta
gaaccagtgaaatgtgacacccttttgtgtgacattggagagtcatcatcgtcatcggtcacagagggggaaaggaccgtg
agagticttgatactgtagaaaaatggctggcttgtggggttgacaacttctgtgtgaaggtgttagctccatacatgccagat
gttcttgagaaactggaattgctccaaaggaggttiggcggaacagtgatcaggaaccctctctccaggaattccactcatg
aaatgtactacgtgtctggagcccgcagcaatgtcacatttactgtgaaccaaacatcccgcectcctgatgaggagaatga
ggcgtccaactggaaaagtgaccctggaggctgacgtcatcctcccaattgggacacgceagtgttgagacagacaagag
acccctggacaaagaggccatagaagaaagggttgagaggataaaatctgagtacatgacctcttggttttatgacaatg
acaacccctacaggacctggcactactgtggctcctatgtcacaaaaacctcaggaagtgcggcgagcatggtaaatggt
gttattaaaattctgacatatccatgggacaggatagaggaggtcacaagaatggcaatgactgacacaaccccttttgga
cagcaaagagtgtttaaagaaaaagttgacaccagagcaaaggatccaccagcgggaactaggaagatcatgaaagt
tgtcaacaggtggctgttccgeacctggccagagaaaagaaccccagactgtgcacaaaggaagaatttattgcaaaa
gtccgaagtcatgcagccattggagcttacctggaagaacaagaacagtggaagactgccaatgaggcetgtccaagace
caaagttctgggaactggtggatgaagaaaggaagctgcaccaacaaggcaggtgtcggacttgtgtgtacaacatgat
ggggaaaagagagaagaagctgtcagagtitgggaaagcaaagggaagccgtgccatatggtatatgtggctgggage
gcggtatcttgagtttgaggccctgggattcctgaatgaggaccattgggcttccagggaaaactcaggaggaggagtgga
aggcattggcttacaatacctaggatatgtgatcagagacctggctgcaatggatggtggtggattctacgecggatgacacce
gctggatgggacacgcgcatcacagaggcagaccttgatgatgaacaggagatcttgaactacatgagcccacatcaca
aaaaactggcacaagcagtgatggaaatgacatacaagaacaaagtggtgaaagtgttgagaccagccccaggagg
gaaagcctacatggatgtcataagtcgacgagaccagagaggatccgggcaggtagtgacttatgctctgaacaccate
accaacttgaaagtccaattgatcagaatggcagaagcagagatggtgatacatcaccaacatgttcaagattgtgatgaa
tcagttctgaccaggctggaggcatggcetcactgagcacggatgtgacagactgaagaggatggcggtgagtggagacg
actgtgtggtccggcccatcgatgacaggttcggectggcecectgteccatetcaacgecatgtccaaggttagaaaggacat
atctgaatggcagccatcaaaagggtggaatgattgggagaatgtgcccttctgttcccaccacttccatgaactacagcetg
aaggatggcaggaggattgtggtgccttgccgagaacaggacgagctcattgggagaggaagggtgtctccaggaaac
ggctggatgatcaaggaaacagcttgcctcagcaaagcctatgccaacatgtggtcactgatgtattttcacaaaagggac
atgaggctactgtcattggctgtttcctcagcetgttcccacctcatgggticcacaaggacgcacaacatggtegattcatggg
aaaggggagtggatgaccacggaagacatgcttgaggtgtggaacagagtatggataaccaacaacccacacatgca
ggacaagacaatggtgaaaaaatggagagatgtcccttatctaaccaagagacaagacaagctgtgcggatcactgatt
ggaatgaccaatagggccacctgggcctcccacatccatttagtcatccatcgtatccgaacgcetgattggacaggagaa
atacactgactacctaacagtcatggacaggtattctgtggatgctgacctgcaactgggtgagcttatctgaaacaccatct
aacaggaataaccgggatacaaaccacgggtggagaaccggactccccacaacctgaaaccgggatataaaccacg
gctggagaaccggactccgcacttaaaatgaaacagaaaccgggataaaaactacggatggagaaccggactccaca
cattgagacagaagaagttgtcagcccagaaccccacacgagttttgccactgctaagcetgtgaggcagtgcaggetggg
acagccgacctccaggttgcgaaaaacctggtttctgggacctcccaccccagagtaaaaagaacggagcectecgetac
caccctcccacgtggtggtagaaagacggggtctagaggttagaggagaccctccagggaacaaatagtgggaccata
ttgacgccagggaaagaccggagtggttctctgcettticctccagaggtetgtgagcacagtttgectcaagaataagcagac
ctttggatgacaaacacaaaaccactgggtcggcatggcatctccacctectecgeggtecgacctgggeatccgaaggag
gacgcacgtccactcggatggctaagggagagccacgagcetectcgacagatcataatcagccataccacatttgtaga
ggattttacttgctitaaaaaacctcccacacctccccectgaacctgaaacataaaatgaatgcaatigtigtigttaacttgtttatt
gcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttg
{ccaaactcatcaagatctcgagcaagacgtttccegttgaatatggcetcataacaccccttgtattactgtttatgtaagcaga
cagttttattgttcatgatgatatatttttatcttgtgcaatgtaacatcagagattttgagacacaacgtggctttgttgaataaatc
gaacttttgctgagttgaaggatcagatcacgcatcttcccgacaacgcagaccgticcgtggcaaagcaaaagttcaaaa
tcaccaactggtccacctacaacaaagctctcatcaaccgtggctccctcacttictggetggatgatggggegattcagge
ctggtatgagtcagcaacaccticticacgaggcagacctcagcgctagcggagtgtatactggcettactatgttggcactga
tgagggtgtcagtgaagtgcttcatgtggcaggagaaaaaaggctgcaccggtgecgtcagcagaatatgtgatacaggat
atattccgcttcctcgetcactgactecgcetacgeteggtegttcgactgecggegageggaaatggcettacgaacggggegga
gatttcctggaagatgccaggaagatacttaacagggaagtgagagggccgeggcaaagcecgtttttccataggcetecge

Fig. 8C
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cccectgacaagcatcacgaaatctgacgctcaaatcagtggtggcgaaacccgacaggactataaagataccaggceg
tttcccctggeggctcecctegtgegctctectgttectgectttcggtttaccggtgtcatticecgetgttatggecgcegtttgteteatt

ccacgcctgacactcagttccgggtaggcagttcgctccaagcetggactgtatgcacgaaccccccgttcagtccgaccegce
tgcgccttatccggtaactatcgtcttgagtccaacccggaaagacatgcaaaagcaccactggcagcagccactggtaat
tgatttagaggagttagtcttgaagtcatgcgccggttaaggctaaactgaaaggacaagttttggtgactgcgcetcctccaa

gccagttacctcggttcaaagagttggtagctcagagaaccttcgaaaaaccgcecctgcaaggceggttttttcgttttcagag

caagagattacgcgcagaccaaaacgatctcaagaagatcatcttattaaggggtctgacgctcagtggaacgaaaact

cacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatc
taaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttc

atccatagttgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggcecccagtgcetgcaatgatac
cgcgagacccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggt
cctgcaactttatccgcctccatccagtctattaattgttgccgggaagctagagtaagtagttcgecagttaatagtttgegea

acgttgttgccattgctgcaggcatcgtggtgtcacgctcgtegtttggtatggcttcattcagetccggttcccaacgatcaag

gcgagttacatgatcccccatgtigtgcaaaaaageggttagcetccttcggtectccgategttgtcagaagtaagttggecg

cagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgctitictgtgactggtgagta
Ctcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggegtcaacacgggataataccgegece
acatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcettacegcetgttgagat
ccagtticgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtttctgggtgagcaaaaacag

gaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattg
aagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgegceac
atttccccgaaaagtgccacctgacgtgtcgacgeggcecgctagcgatgaccctgctgattggtticgctgaccattticcggat
gcgggacggcgttaccagaaactcagaaggttcgtccaaccaaaccgactctgacggcagtttacgagagagatgatag
ggtctgcttcagtaagccagatgctacacaattaggcttgtacatattgtcgttagaacgcggctacaattaatacataacctt

atgtatcatacacatacgatttaggtgacactata (SEQ ID NO: 6)

Fig.8D

gatgggcggcgcatgagagaagcccagaccaattacctacccaaaatggagaaagttcacgttgacatcgaggaaga
cagcccattcctcagagctttgcagcggagcttcccgcagtttgaggtagaagccaagcaggtcactgataatgaccatge
taatgccagagcgttttcgcatctggcttcaaaactgatcgaaacggaggtggacccatccgacacgatccttgacattgga
agtgcgcccgeccgcagaatgtattctaagcacaagtatcattgtatctgtccgatgagatgtgecggaagatccggacagat
tgtataagtatgcaactaagctgaagaaaaactgtaaggaaataactgataaggaattggacaagaaaatgaaggagct
ggccgccgtcatgagcgacccetgacctggaaactgagactatgtgcctccacgacgacgagtegtgtcgetacgaaggg
caagtcgctgtttaccaggatgtatacgcggttgacggaccgacaagtctctatcaccaagccaataagggagttagagte
gcctactggataggcttigacaccaccccttttatgtttaagaacttggctggagcatatccatcatactctaccaactgggecg
acgaaaccgtgttaacggctcgtaacataggcctatgcagcetctgacgttatggageggtcacgtagagggatgtccattett
agaaagaagtatttgaaaccatccaacaatgttctattctctgttggctcgaccatctaccacgagaagagggacttactga
ggagctggcacctgccgtctgtatttcacttacgtggcaagcaaaattacacatgtcggtgtgagactatagttagttgecgac
gggtacgtcgttaaaagaatagctatcagtccaggcctgtatgggaagcecttcaggcetatgetgctacgatgcacegegag
ggattcttgtgctgcaaagtgacagacacattgaacggggagagggtctcttttcccgtgtgcacgtatgtgccagcetacatt
gtgtgaccaaatgactggcatactggcaacagatgtcagtgcggacgacgcgcaaaaactgetggttgggcetcaaccag
cgtatagtcgtcaacggtcgceicccagagaaacaccaataccatgaaaaattaccttttgcccgtagtggeccaggceattt
gctaggtgggcaaaggaatataaggaagatcaagaagatgaaaggccactaggactacgagatagacagttagtcatg
gggtottgttgggctittagaaggcacaagataacatctatttataagcgcccggatacccaaaccatcatcaaagtgaaca
gcgatttccactcattcgtgcetgcccaggataggcagtaacacattggagatcgggetgagaacaagaatcaggaaaatg
ttagaggagcacaaggagccgtcacctctcattaccgccgaggacgtacaagaagctaagtgecgecagecgatgaggcet
aaggaggtgcgtgaagccgaggagttgcgegcagctctaccacctttggcagcetgatgttgaggagceccactetggaage
cgatgtcgacttgatgttacaagaggctggggccggctcagtggagacacctegtggcttgataaaggttaccagcetacga
tggcgaggacaagatcggctcttacgctgtgctttctccgecaggcetgtactcaagagtgaaaaattatcttgecatccaccectet
cgctgaacaagtcatagtgataacacactctggccgaaaagggcegttatgccgtggaaccataccatggtaaagtagtgg

Fig. 8E
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tgccagagggacatgcaatacccgtccaggactttcaagctctgagtgaaagtgecaccattgtgtacaacgaacgtgagt
cgtaaacaggtacctgcaccatattgccacacatggaggagcgctgaacactgatgaagaatattacaaaactgtcaag
cccagcgagcacgacggcgaatacctgtacgacatcgacaggaaacagtgcgtcaagaaagaactagtcactgggct
agggctcacaggcgagctgatggatcctcecttccatgaattcgectacgagagtctgagaacacgaccagecgctectta
ccaagtaccaaccataggggtgtatggcgtgccaggatcaggcaagtctggcatcattaaaagcgcagtcaccaaaaaa
gatctagtggtgagcgccaagaaagaaaactgtgcagaaattataagggacgtcaagaaaatgaaagggctggacgtc
aatgccagaactgtggactcagtgctctigaatggatgcaaacaccccgtagagaccctgtatattgacgaagcettttgettgt
catgcaggtactctcagagcgctcatagccattataagacctaaaaaggcagtgctetgecggggatcccaaacagtgegg
tttttttaacatgatgtgcctgaaagtgcattttaaccacgagatttgcacacaagtcttccacaaaagcatctctcgecgttgea
ctaaatctgtgacttcggtcgtctcaacctigtittacgacaaaaaaatgagaacgacgaatccgaaagagactaagattgt
gattgacactaccggcagtaccaaacctaagcaggacgatctcattctcacttgtttcagagggtgggtgaagcagttgcaa
atagattacaaaggcaacgaaataatgacggcagctgcctctcaagggctgacccgtaaaggtgtgtatgcegttcggta
caaggtgaatgaaaatcctctgtacgcacccacctcagaacatgtgaacgtcctactgacccgcacggaggaccgceatce
gtgtggaaaacactagccggcgacccatggataaaaacactgactgccaagtaccctgggaatttcactgccacgatag
aggagtggcaagcagagcatgatgccatcatgaggcacatcttiggagagaccggaccctaccgacgtcttccagaataa
ggcaaacgtgtgttgggccaaggctttagtgccgatgctgaagaccgcetggcatagacatgaccactgaacaatggaac
actgtggattattttgaaacggacaaagctcactcagcagagatagtattgaaccaactatgcgtgaggttctttggactcgat
ctggactccggtctattitctgcacccactgttccgttatccattaggaataatcactgggataactccecgtecgectaacatgta
cgggctgaataaagaagtggtccgtcagcetetectcgcaggtacccacaactgectecgggceagttgecactggaagagtct
atgacatgaacactggtacactgcgcaattatgatccgcgcataaacctagtacctgtaaacagaagactgcctcatgettt
agtcctccaccataatgaacacccacagagtgacttttcttcattcgtcagcaaattgaagggcagaactgtcctgatggtcg
gggaaaagttgtccgtcccaggcaaaatggttgactggttgtcagaccggcectgaggctaccttcagagcetcggcetggattt
aggcatcccaggtgatgtgcccaaatatgacataatatttgttaatgtgaggaccccatataaataccatcactatcagcagt
gtgaagaccatgccattaagcttagcatgttgaccaagaaagcttgtctgcatctgaatcccggeggaacctgtgtcageat
aggttatggttacgctgacagggccagcgaaagcatcattggtgctatagcgecggcagttcaagttticccgggtatgcaaa
ccgaaatcctcacttgaagagacggaagttctgtttgtattcattgggtacgatcgcaaggceccgtacgcacaatecttacaa
gctttcatcaaccttgaccaacatttatacaggttccagactccacgaagecggatgtgcaccctcatatcatgtgatgegag
gggatattgccacggccaccgaaggagtgattataaatgctgctaacagcaaaggacaacctggcggagggat
gtgcggagcgctgtataagaaattcccggaaagcttcgatttacageccgatcgaagtaggaaaagecgegactggtcaaa
ggtgcagctaaacatatcattcatgccgtaggaccaaacttcaacaaagtttcggaggttgaaggtgacaaacagttggca
gaggcttatgagtccatcgctaagattgtcaacgataacaattacaagtcagtagcgattccactgttgtccaccggceatctttt
ccgggaacaaagatcgactaacccaatcattgaaccatttgctgacagctttagacaccactgatgcagatgtagccatat
actgcagggacaagaaatgggaaatgactctcaaggaagcagtggctaggagagaagcagtggaggagatatgcata
tccgacgactcttcagtgacagaacctgatgcagagcetggtgagggtgcatccgaagagttetttggetggaaggaaggg
ctacagcacaagcgatggcaaaactttctcatatttggaagggaccaagtticaccaggcggccaaggatatagcagaa
attaatgccatgtggcccgttgcaacggaggccaatgagcaggtatgcatgtatatcctcggagaaagcatgagcagtatt
aggtcgaaatgccccgtcgaagagtcggaagectccacaccacctagcacgcetgecttgettgtgcatccatgecatgact
ccagaaagagtacagcgcctaaaagcctcacgtccagaacaaattactgtgtgctcatectticcattgccgaagtataga
atcactggtgtgcagaagatccaatgctcccagcectatattgtictcaccgaaagtgcectgegtatattcatccaaggaagtat
ctcgtggaaacaccaccggtagacgagactccggagccatcggcagagaaccaatccacagaggggacacctgaac
aaccaccacttataaccgaggatgagaccaggactagaacgcctgagccgatcatcatcgaagaggaagaagaggat
agcataagtttgctgtcagatggcccgacccaccaggtgctgcaagtcgaggcagacattcacgggcecgcecctctgtatcet
agctcatcctggtccattcctcatgecatccgactttgatgtggacagtttatccatacttgacaccctggagggagcetagegtg
accagcggggcaacgtcagccgagactaactcttacttcgcaaagagtatggagtttctggcgegaceggtgectgegect
cgaacagtattcaggaaccctccacatceccgcetccgegcacaagaacaccgtcacttgcacccagcagggcectgetega
gaaccagcctagtttccaccccgeccaggcegtgaatagggtgatcactagagaggagcetcgaggcegcttacccegtcacg
cactcctagcaggtcggtctcgagaaccagcectggtctccaacccgecaggcegtaaatagggtgattacaagagaggag
tttgaggcgttcgtagcacaacaacaatgacggtttgatgcgggtgcatacatcttttcctccgacaccggtcaagggceattta

caacaaaaatcagtaaggcaaacggtgctatccgaagtgatgttggagaggaccgaattggagatttcgtatgececgceg
cctcgaccaagaaaaagaagaattactacgcaagaaattacagttaaatcccacacctgctaacagaagcagataccea

gtccaggaaggtggagaacatgaaagccataacagctagacgtattctgcaaggcctagggcattatttgaaggcagaa
Fig. 8F
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ggaaaagtggagtgctaccgaaccctgcatcctgttcctttgtattcatctagtgtgaaccgtgecttttcaagecccaaggte

gcagtggaagcctgtaacgccatgttgaaagagaactttccgactgtggcticttactgtattattccagagtacgatgcectatt
tggacatggttgacggagcttcatgctgcttagacactgccagtttttgccctgcaaagcetgcgeagcetttccaaagaaacac
tcctatttggaacccacaatacgatcggcagtgcecttcagcgatccagaacacgctccagaacgtcetggecagetgecac

aaaaagaaattgcaatgtcacgcaaatgagagaattgcccgtattggattcggcggcctttaatgtggaatgettcaagaa

atatgcgtgtaataatgaatattgggaaacgtttaaagaaaaccccatcaggcttactgaagaaaacgtggtaaattacatt

accaaattaaaaggaccaaaagctgctgctctitttgcgaagacacataatttgaatatgttgcaggacataccaatggaca
ggtttgtaatggacttaaagagagacgtgaaagtgactccaggaacaaaacatactgaagaacggcccaaggtacagg
tgatccaggctgccgatccgetagcaacagcegtatctgtgcggaatccaccgagagcetggttaggagattaaatgcggtece
tgcttccgaacatticatacactgtttgatatgtcggctgaagactttgacgctattatagccgagcacttccagectggggattgt
gttctggaaactgacatcgcgtcgtttgataaaagtgaggacgacgccatggctctgaccgcegttaatgattctggaagactt
aggtgtggacgcagagctgttgacgctgattgaggcggctttcggcgaaatttcatcaatacatttgcccactaaaactaaat
ttaaattcggagccatgatgaaatctggaatgttcctcacactgtttgtgaacacagtcattaacattgtaatcgcaagcagag
tgttgagagaacggctaaccggatcaccatgtgcagcattcattggagatgacaatatcgtgaaaggagtcaaatcggac
aaattaatggcagacaggtgcgccacctggttgaatatggaagtcaagattatagatgctgtggtgggcgagaaagegec
ttatttctgtggagggtttattttgtgtgactccgtgaccggcacagegtgecgtgtggcagaccccctaaaaaggcetgtttaag
cttggcaaacctctggcagcagacgatgaacatgatgatgacaggagaagggcattgcatgaagagtcaacacgcetgg

aaccgagtgggtattctttcagagctgtgcaaggcagtagaatcaaggtatgaaaccgtaggaacttccatcatagttatgg
ccatgactactctagctagcagtgttaaatcatticagctacctgagaggggceccctataactctctacggetaacctgaatgg
actacgacatagtctagtccgccaagtctagaccatgtctggtcgtaaagctcagggaaaaaccctgggegtcaatatggt
acgacgaggagttcgctcctigtcaaacaaaataaaacaaaaaacaaaacaaattggaaacagacctggaccttcaag
aggtgttcaaggatttatctttttctttitgttcaacattttgactggaaaaaagatcacagcccacctaaagaggttgtggaaaa
tgctggacccaagacaaggcttggctgtictaaggaaagtcaagagagtggtggccagtitgatgagaggattgtcctcaa
ggaaacgccgttcccatgatgttctgactgtgcaattcctaatittgggaatgctgttgatgacgggtggataagggeccctat

aactctctacggctaacctgaatggactacgacatagtctagtccgccaagtctagagcttaccatgaccgagtacaagec
cacggtgcgcectecgccaccecgcgacgacgtccccagggecgtacgcaccctcgecgecgegtticgeecgactaceceege
cacgcgccacaccgtcgatccggaccgcecacatcgagecgggtcaccgagcetgcaagaactcttectcacgegegtegg

gctcgacatcggcaaggtgtgggtcgeggacgacggegceegeggtggeggtetggaccacgecggagagegtcgaag
cgggggcggtgttcgccgagatcggeccgegeatggecgagttgageggttcccggcetggecgegcagecaacagatgg
aaggcctectggcgcecgcecaccggeccaaggageccgegtggttecctggecaccegteggegtetcgececgaccaccagg
gcaagggtctgggcagcgcecgtegtgetcceccggagtggaggeggecgagegegecgggatgccegecttcctggaga
cctecgegcececcgceaaccteccctictacgageggceteggcttcacegtcaccgecgacgtcgagtgeccgaaggacceg

cgcgacctggtgcatgacccgcaagcececggtgectgacgceccgecccacgacccgcagegeccgaccgaaaggage
gcacgaccccatgatcgctagaccatggggtaccgagtatgttacgtgcaaaggtgattgtcaccccccgaaagaccata
ttgtgacacaccctcagtatcacgcccaaacatttacagccgeggtgtcaaaaaccgegtggacgtggttaacatcectgcet

gggaggatcagccgtaattattataattggcttggtgctggctactatigtggccatgtacgtgetgaccaaccagaaacata
attgaatacagcagcaattggcaagctgcttacatagaactcgcggecgattggcatgccgcecttaaaatttttattttattttitctt

ttcttttccgaatcggattttgtitttaatatttcaaaaaaaaaaaaaaaaaaaaaaaaacgegtcgaggggaattaattcttga
agacgaaagggccaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgta
tccgcetcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgteg

cccttattcccttitttgcggcattttgccttectgttittigctcacccagaaacgcetggtgaaagtaaaagatgetgaagatcagtt
gggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttcca

atgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtgttgacgcecgggcaagagcaacteggtecgecgeat

acactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaatta
tgcagtgctgccataaccatgagtgataacactgcggccaacttactictgacaacgatcggaggaccgaaggagcetaac
cgcttttttgcacaacatgggggatcatgtaactegecttgategttgggaaccggagctgaatgaagccataccaaacgac
gagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcettcec
ggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgetcggceccttccggetggcetgatttatt

gctgataaatctggagcecggatgagegtgggtetecgeggtatcattgcagecactggggccagatggtaageccteccgtate
gtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgatt

aagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtga

Fig. 8G
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agatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgticcactgagcecgtcagaccccgtagaaaagatca

aaggatcttcttgagatcctitttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccageggtggtttgtttg

ccggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtcctictagtgta
gccegtagttaggccaccacttcaagaactctgtagcaccgcectacatacctcgetctgctaatectgttaccagtggcetgcetge
cagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggcetgaacqgg
ggggttcgtgcacacagcccagctiggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaa

gcgccacgcttcccgaagggagaaaggcecggacaggtatccggtaageggcagggtcggaacaggagagegcacga
gggagcttccagggggaaacgcctggtatctttatagtcetgtcgggtttcgeccacctctgacttgagegtcgatttttgtgatgce
tcgtcaggggggcggagcctatggaaaaacgccagcaacgcgagctcgatttaggtgacactata

(SEQ ID NO: 7)

Fig. 8H

gatgggcggcgcatgagagaagcccagaccaattacctacccaaaatggagaaagticacgtigacatcgaggaaga
cagcccattcctcagagcetttgcagcggagcticccgecagtitgaggtagaagccaagecaggtcactgataatgaccatge
taatgccagagcgttttcgcatctggcttcaaaactgatcgaaacggaggtggacccatccgacacgatccttgacattgga
agtgcgcccgcccgcagaatgtattctaagcacaagtatcattgtatctgtccgatgagatgtgcggaagatccggacagat
tgtataagtatgcaactaagctgaagaaaaactgtaaggaaataactgataaggaattggacaagaaaatgaaggagct
ggccgccgtcatgagcgacc.itgacctggaaactgagactatgtgectccacgacgacgagtcgtgtcgctacgaaggg
caagtcgctgtttaccaggatgtatacgcggttgacggaccgacaagtctctatcaccaagccaataagggagttagagtc
gcctactggataggctitgacaccaccccttttatgtttaagaacttggctggagcatatccatcatactctaccaactgggecg
acgaaaccgtgttaacggctcgtaacataggcctatgcagctctgacgttatggageggtcacgtagagggatgtccattctt
agaaagaagtatttgaaaccatccaacaatgttctattctetgttggcetcgaccatctaccacgagaagagggacttactga
ggagctggcacctgccgtctgtatttcacttacgtggcaagcaaaattacacatgtcggtgtgagactatagttagttgecgac
ggatacgtcgttaaaagaatagctatcagtccaggcctgtatgggaagcecttcaggcetatgctgctacgatgcacecgegag
ggattcttgtgctgcaaagtgacagacacattgaacggggagagggtctcttttcccgtgtgcacgtatgtgccagcetacatt
gtgtgaccaaatgactggcatactggcaacagatgtcagtgcggacgacgcgcaaaaactgctggttgggctcaaccag
cgtatagtcgtcaacggtcgcacccagagaaacaccaataccatgaaaaattaccttttgcccgtagtggcccaggceattt
gctaggtgggcaaaggaatataaggaagatcaagaagatgaaaggccactaggactacgagatagacagttagtcatg
gggtattgttgaggcttttagaaggcacaagataacatctatttataagcgcccggatacccaaaccatcatcaaagtgaaca
gcgatttccactcattcgtgctgcccaggataggcagtaacacattggagatcgggctgagaacaagaatcaggaaaatg
ttagaggagcacaaggagccgtcacctctcattaccgccgaggacgtacaagaagctaagtgcgcagecgatgaggcet
aaggaggtgcgtgaagccgaggagttigegegceagctctaccacctttggcagcetgatgttgaggageccactctggaage
cgatgtcgacttgatgttacaagaggctggggccggctcagtggagacacctcgtggcttgataaaggttaccagctacga
tggcgaggacaagatcggctcttacgcetgtgcttictccgcaggctgtactcaagagtgaaaaattatcttgecatccaccectct
cgctgaacaagtcatagtgataacacactctggccgaaaagggcegttatgccgtggaaccataccatggtaaagtagtag
tgccagagggacatgcaatacccgtccaggactticaagctctgagtgaaagtgccaccattgtgtacaacgaacgtgaat
tcgtaaacaggtacctgcaccatattgccacacatggaggagcgctgaacactgatgaagaatattacaaaactgtcaag
cccagcgagcacgacggcgaatacctgtacgacatcgacaggaaacagtgcgtcaagaaagaactagtcactgggct
agggctcacaggcgagctgatggatcctcccticcatgaattcgectacgagagtctgagaacacgaccagecgcetectta
ccaagtaccaaccatagggg‘tgtatggcgtgccaggatcaggcaagtctggcatcattaaaagcgcagtcaccaaaaaa
gatctagtggtgagcgccaagaaagaaaactgtgcagaaattataagggacgtcaagaaaatgaaagggcetggacagte
aatgccagaactgtggactcagtgctctigaatggatgcaaacaccccgtagagacccetgtatattgacgaagcttttgettgt
catgcaggtactctcagagcgctcatagccattataagacctaaaaaggcagtgetctgecggggatcccaaacagtgegg
tttttttaacatgatgtgcctgaaagtgcattttaaccacgagatttgcacacaagtcttccacaaaagcatctctcgecgttgea
ctaaatctgtgacticggtcgtctcaacctigttttacgacaaaaaaatgagaacgacgaatccgaaagagactaagattgt
gattgacactaccggcagtaccaaacctaagcaggacgatctcattctcacttgtitcagagggtgggtgaagceagtigecaa

atagattacaaaggcaacgaaataatgacggcagctgcctctcaagggctgacccgtaaaggtgtgtatgccgttcggta
caaggtgaatgaaaatcctctgtacgcacccacctcagaacatgtgaacgtcctactgacccgcacggaggaccgceate

gtgtggaaaacactagccggcgacccatggataaaaacactgactgccaagtaccctgggaatttcactgccacgatag
aggagtggcaagcagagcatgatgccatcatgaggcacatcttggagagaccggaccctaccgacgtcttccagaataa

Fig. 8i



U.S. Patent Aug. 28, 2012 Sheet 14 of 29 US 8,252,574 B2

ggcaaacgtgtgttgggccaaggctttagtgccggtgctgaagaccgcetggcatagacatgaccactgaacaatggaac
actgtggattattttgaaacggacaaagctcactcagcagagatagtattgaaccaactatgcgtgaggttctttggactcgat
ctggactccggtctattttctgcacccactgttccgttatccattaggaataatcactgggataactccccgtcgectaacatgta
cggqgctgaataaagaagtggtccgtcagctctctcgcaggtacccacaactgectegggceagttgecactggaagagtct
atgacatgaacactggtacactgcgcaattatgatccgcgcataaacctagtacctgtaaacagaagactgcctcatgcttt
agtcctccaccataatgaacacccacagagtgacttttctticattcgtcagcaaattgaagggcagaactgtcctggtggtcg
gggaaaagttgtccgtcccaggcaaaatggttgactggttgtcagaccggcctgaggctaccttcagagctcggcetggattt
aggcatcccaggtgatgtgcccaaatatgacataatattigttaatgtgaggaccccatataaataccatcactatcagcagt
gtgaagaccatgccattaagcttagcatgttgaccaagaaagcttgtctgcatctgaatcccggeggaacctgtgtcagceat
aggttatggttacgctgacagggccagcgaaagcatcattggtgctatagcgcggcagttcaagttttcccgggtatgcaaa
ccgaaatcctcacttgaagagacggaagttctgtttgtattcattgggtacgatcgcaaggeccgtacgcacaatccttacaa
gctttcatcaaccttgaccaacatttatacaggticcagactccacgaageccggatgtgcaccctcatatcatgtggtgegag
gggatattgccacggccaccgaaggagtgattataaatgctgctaacagcaaaggacaacctggecggaggagtgtgceg
gagcgctgtataagaaaticccggaaagcticgatitacagccgatcgaagtaggaaaagcgcgactggtcaaaggtgce
agctaaacatatcattcatgccgtaggaccaaactticaacaaagtttcggaggttgaaggtgacaaacagttggcagagg
cttatgagtccatcgctaagattgtcaacgataacaattacaagtcagtagcgattccactgttgtccaccggceatcettttccgg
gaacaaagatcgactaacccaatcattgaaccatttgctgacagctttagacaccactgatgcagatgtagccatatactgc
agggacaagaaatgggaaatgactctcaaggaagcagtggctaggagagaagcagtggaggagatatgcatatccga
cgactcttcagtgacagaacctgatgcagagcetggtgagggtgcatccgaagagttctttggctggaaggaagggcetaca
gcacaagcgatggcaaaacttictcatatitggaagggaccaagtticaccaggcggccaaggatatagcagaaattaat
gccatgtggcccgttgcaacggaggccaatgagcaggtatgcatgtatatcctcggagaaagcatgagcagtattaggtc
gaaatgccccgtcgaagagtcggaagcectccacaccacctagcacgcetgecttgettgtgcatccatgecatgactccaga
aagagtacagcgcctaaaagcctcacgtccagaacaaattactgtgtgcetcatectttccattgccgaagtatagaatcact
ggtgtgcagaagatccaatgctcccagcectatattgttctcaccgaaagtgectgegtatattcatccaaggaagtatctegtg
gaaacaccaccggtagacgagactccggagccatcggcagagaaccaatccacagaggggacacctgaacaacca
ccacttataaccgaggatgagaccaggactagaacgcctgagccgatcatcatcgaagaggaagaagaggatagcat
aagtttgctgtcagatggcccgacccaccaggtgctgcaagtcgaggcagacattcacgggcecgcecctctgtatctagcetc
atcctggtccattcctcatgcatccgactttgatgtggacagtttatccatacttgacaccctggagggagcetagegtgaccag
cggggcaacgtcagccgagactaactcttacticgcaaagagtatggagtttctggcgecgaccggtgcctgegectcgaac
agtattcaggaaccctccacalcccgcetccgecgcacaagaacaccgtcacttgcacccagcagggcectgetcgagaacc
agcctagtttccaccccgeccaggcegtgaatagggtgatcactagagaggagctcgaggcgcttacccecgtcacgcactce
tagcaggtcggtcicgagaaccagcctggtctccaacccgecaggcegtaaatagggtgattacaagagaggagtttgag
gcattcgtagcacaacaacaatgacggtttgatgcgggtgcatacatcttttcctccgacaccggtcaagggceatttacaac
aaaaatcagtaaggcaaacggtgctatccgaagtggtgtiggagaggaccgaattggagatticgtatgcccegcegcectc
gaccaagaaaaagaagaatiactacgcaagaaattacagttaaatcccacacctgctaacagaagcagataccagtcc
aggaaggtggagaacatgaaagccataacagctagacgtattctgcaaggcctagggcattatttgaaggcagaagga
aaagtggagtgctaccgaaccctgcatcectgttectttgtatticatctagtgtgaaccgtgcecttttcaagccccaaggtcgeag
tggaagcctgtaacgccatgttgaaagagaactttccgactgtggcttcttactgtattattccagagtacgatgcectatttgga
catggttgacggagcttcatgctgcttagacactgccagtttttgccctgcaaagcetgegcagctttccaaagaaacactcecta
tttggaacccacaatacgatcggcagtgccticagcgatccagaacacgctccagaacgtectggcagcetgeccacaaaa
agaaattgcaatgtcacgcaaatgagagaattgcccgtattggattcggcggcctttaatgtggaatgcticaagaaatatgce
gtgtaataatgaatattgggaaacgtttaaagaaaaccccatcaggcttactgaagaaaacgtggtaaattacattaccaa
attaaaaggaccaaaagctgctgctcttittgcgaagacacataatttgaatatgttgcaggacataccaatggacaggtttgt
aatggacttaaagagagacgtgaaagtgactccaggaacaaaacatactgaagaacggcccaaggtacaggtgatcc
aggctgccgatccgctagcaacagcgtatectgtgcggaatccaccgagagcetggttaggagattaaatgcggtcctgcettc
cgaacattcatacactgtttgatatgtcggctgaagactttgacgctattatagccgagcacttccagcectggggattgtgtictg
gaaactgacatcgcgtcgtttgataaaagtgaggacgacgccatggctctgaccgcgttaatgattctggaagacttaggtg
tggacgcagagctgttgacgctgattgaggcggctttcggcgaaatttcatcaatacatttgcccactaaaactaaatttaaat
tcggagccatgatgaaatctggaatgttcctcacactgtttgtgaacacagtcattaacattgtaatcgcaagcagagtgttga
gagaacggctaaccggatcaccatgtgcagcattcattggagatgacaatatcgtgaaaggagtcaaatcggacaaatta
atggcagacaggtgcgccacctggttgaatatggaagtcaagattatagatgctgtggtgggcgagaaagegcecttatttct

Fig. 8J
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gtggagggtttattttgtgtgactccgtgaccggcacagcegtgccgtgtggcagaccccctaaaaaggcetgtttaagcettggce
aaacctctggcagcagacgatgaacatgatgatgacaggagaagggcattgcatgaagagtcaacacgctggaaccg
agtgggtattctttcagagctgtgcaaggcagtagaatcaaggtatgaaaccgtaggaacttccatcatagttatggccatga
ctactctagctagcagtgttaaatcattcagctacctgagaggggcccctataactctctacggctaacctgaatggactacg
acatagtctagtccgccaagtctagaccatgtctggtcgtaaagctcagggaaaaaccctgggcegtcaatatggtacgacg
aggagttcgctcctigtcaaacaaaataaaacaaaaaacaaaacaaattggaaacagacctggaccttcaagaggtqgtt
caaggatttatcttttictttttgttcaacattitgactggaaaaaagatcacagcccacctaaagaggttgtggaaaatgetgga
cccaagacaaggcttggctgttctaaggaaagtcaagagagtggtggccagtttgatgagaggattgtcctcaaggaaac
gccgttcccatgatgtictgactgtgcaattcctaatittigggaatgcetgttgatgacgggtggagtgaccttggtgcggaaaaa
cagatggttgctcctaaatgtgacatctgaggacctcgggtaagggcccctataactctctacggctaacctgaatggacta
cgacatagtctagtccgccaagtctagagcttaccatgaccgagtacaagcccacggtgcgectcgecaccecgegacga
cgtccccagggcecgtacgcacccetcgeegecgegttcgecgactacccecgecacgcegecacaccgtcgatccggacceg
ccacatcgagcgggtcaccgagctgcaagaactcttcctcacgcgegtcgggcetcgacatcggcaaggtgtgggtegeg
gacgacggcgccgceggtggceggtctggaccacgecggagagcegtcgaagecgggggceggtgttcgecgagatcggecc
gcgcatggccgagttgageggttcccggcetggecgegcagcaacagatggaaggcectectggegecgecacecggecca
aggagcccgcgtggttcctggccaccgtcggcegtctcgeccgaccaccagggcaagggtetgggcagegecgtegtgct
cccecggagtggaggeggcecgagegegcecggggtgeccgecttecctggagacctccgegecccgcecaacctecccttctac
gagcggctcggcettcaccgtcaccgecgacgtegagtgecccgaaggaccgegegacctggtgcatgaccecgcaagece
ggtgcctgacgcecccgcecccacgacccgcagegeccgaccgaaaggagcegceacgacccecatgatcgetagaccatgg
ggtaccgagtatgttacgtgceaaggtgattgtcaccccccgaaagaccatattgtgacacaccctcagtatcacgcccaa
acatttacagccgcggtgtcaaaaaccgcgtggacgtggttaacatcectgetgggaggatcagecgtaattattataattg
gcttggtgctggctactattgtggccatgtacgtgctgaccaaccagaaacataatigaatacagcagcaattggcaagcetg
cttacatagaactcgcggcgattggcatgccgccttaaaatttttattttatttittcttttcttttccgaatcggattttgtitttaatatttc
aaaaaaaaaaaaaaaaaadaaaaaacgcgtcgaggggaattaattcttgaagacgaaagggccaggtggcacttttc
ggggaaatgtgcgcggaacccctatttgtttatitttctaaatacattcaaatatgtatccgcetcatgagacaataaccctgata
aatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgcccttattcccttttttgcggceattttgectt
cctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaac
tggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgcetatg
tggcgcggtattatccegtgttgacgccgggcaagagcaactecggtecgecgceatacactattctcagaatgacttggttgagt
actcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgat
aacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcat
gtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgectgtag
caatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatgga
ggcggataaagttgcaggaccacttctgcgectcggeccttccggcetggetggtttattgctgataaatctggagecggtgage
gtgggtctcgcggtatcattgcagcactggggccagatggtaagcccteccgtatcgtagttatctacacgacggggagtea
ggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagt
ttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttitgataatctcatgaccaa
aatcccttaacgtgagttttcgttccactgagegtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctge
gcgtaatctgctgettgcaaacaaaaaaaccaccgctaccageggtggtttgtttgccggatcaagagcetaccaactcttttt
ccgaaggtaactggcttcagcagagcgcagataccaaatactgtcctictagtgtagccgtagttaggccaccacttcaag
aactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggcetgctgeccagtggegataagtegtgtettace
gggttggactcaagacgatagttaccggataaggcgcagcggtcgggcetgaacgggggattcgtgcacacagcccagct
tggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggaga
aaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcec
tggtatctttatagtcctgtcgggtttcgeccacctetgacttgagegtcgatttttgtgatgetcgtcaggggggcggagcectatgg

aaaaacgccagcaacgcgagctcgatttaggtgacactata (SEQ ID NO: 8)

Fi1g.8K
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gatgggcggcgcatgagagaagcccagaccaattacctacccaaaatggagaaagttcacgttgacatcgaggaaga
cagcccattcctcagagctttgcageggagcttcccgecagtttgaggtagaagceccaagcaggtcactgataatgaccatgce
taatgccagagcgttttcgcatctggceticaaaactgatcgaaacggaggtggacccatccgacacgatccttgacattgga
agtgcgcccgcccgcagaatgtattctaagcacaagtatcattgtatctgtccgatgagatgtgecggaagatccggacagat
tgtataagtatgcaactaagctgaagaaaaactgtaaggaaataactgataaggaattggacaagaaaatgaaggagct
ggccgccgtcatgagcgaccctgacctggaaactgagactatgtgecctccacgacgacgagtegtgtcgctacgaaggg
caagtcgctgtttaccaggatgtatacgcggttgacggaccgacaagtctctatcaccaagccaataagggagttagagtc
gcctactggataggctitgacaccaccccttttatgtttaagaacttggctggagcatatccatcatactctaccaactgggceeg
acgaaaccgtgttaacggctcgtaacataggcctatgcagctctgacgttatggagcggtcacgtagagggatgtccattctt
agaaagaagtattigaaaccetccaacaatgttctattctetgtiggcetcgaccatctaccacgagaagagggacttactga
ggagctggcacctgccgtctgtatttcacttacgtggcaagcaaaattacacatgtecgatgtgagactatagttagttgegac
gggtacgtcgttaaaagaatagctatcagtccaggcctgtatgggaagcecttcaggctatgctgctacgatgcaccgegag
ggattctigtgctgcaaagtgacagacacattgaacggggagagggtctcttttcccatgtgcacgtatgtgccagctacatt
gtgtgaccaaatgactggcatactggcaacagatgtcagtgcggacgacgcgcaaaaactgcetggttgggctcaaccag
cgtatagtcgtcaacggtcgcacccagagaaacaccaataccatgaaaaattacctittgcccgtagtggecccaggceattt
gctaggtgggcaaaggaatataaggaagatcaagaagatgaaaggccactaggactacgagatagacagttagtcatg
ggotgttgttgggcttitagaaggcacaagataacatctatttataagcgcccggatacccaaaccatcatcaaagtgaaca
gcgatttccactcattcgtgctgecccaggataggcagtaacacattggagatcgggetgagaacaagaatcaggaaaatg
ttagaggagcacaaggagccgtcacctctcattaccgccgaggacgtacaagaagctaagtgcgcagecgatgaggct
aaggaggtgcgtgaagccgaggagttgcgcgcagcetctaccacctitggcagcetgatgttgaggagcccactetggaage
cgatgtcgacttgatgttacaagaggcetggggccggctcagtggagacacctegtggcttgataaaggttaccagcetacga
tggcgaggacaagatcggctcttacgcetgtgctttctccgcaggctgtactcaagagtgaaaaattatcttigcatccaccctct
cgctgaacaagtcatagtgataacacactctggccgaaaagggcegttatgccgtggaaccataccatggtaaagtagtgg
tgccagagggacatgcaatacccgtccaggactttcaagctctgagtgaaagtgccaccattgtgtacaacgaacgtgagt
tcgtaaacaggtacctgcaccatattgccacacatggaggagcgctgaacactgatgaagaatattacaaaactgtcaag
cccagcgagcacgacggcgaatacctgtacgacatcgacaggaaacagtgcgtcaagaaagaactagtcactgggct
agggctcacaggcgagctggtggatcctcecttccatgaattcgectacgagagtctgagaacacgaccagcecgctcectta
ccaagtaccaaccataggggtgtatggcgtgccaggatcaggcaagtctggcatcattaaaagcgcagtcaccaaaaaa
gatctagtggtgagcgccaagaaagaaaactgtgcagaaattataagggacgtcaagaaaatgaaagggctggacgte
aatgccagaactgtggactcagtgctcttgaatggatgcaaacaccccgtagagaccctgtatattgacgaagcttttgcettgt
catgcaggtactctcagagcgctcatagccattataagacctaaaaaggcagtgctctgcggggatcccaaacagtgeqq
tttttttaacatgatgtgcctgaaagtgcattttaaccacgagatttgcacacaagtcttccacaaaagcatctetegecgttgea
ctaaatctgtgacttcggtcgtctcaacctigtittacgacaaaaaaatgagaacgacgaatccgaaagagactaagattgt
gattgacactaccggcagtaccaaacctaagcaggacgatctcattctcacttgtttcagagggtgggtgaagcagttgcaa
atagattacaaaggcaacgaaataatgacggcagctgcctctcaagggctgacccgtaaaggtgtgtatgeegttcggta
caaggtgaatgaaaatcctctgtacgcacccacctcagaacatgtgaacgtcctactgacccgcacggaggaccgceatce
gtgtggaaaacactagccggcgacccatggataaaaacactgactgccaagtaccctgggaatttcactgccacgatag
aggagtggcaagcagagcatgatgccatcatgaggcacatcttggagagaccggaccctaccgacgtcttccagaataa
ggcaaacgtgtgttgggccaaggctttagtgccggtgctgaagaccgcetggcatagacatgaccactgaacaatggaac
actgtggattattttgaaacggacaaagctcactcagcagagatagtattgaaccaactatgcgtgaggttctttggactcgat
ctggactccggtctattttctgcacccactgttccgttatccattaggaataatcactgggataactceccgtegectaacatgta
cgggctgaataaagaagtggtccgtcagctctctcgcaggtacccacaactgectcgggecagttgecactggaagagtct
atgacatgaacactggtacactgcgcaattatgatccgcgcataaacctagtacctgtaaacagaagactgcectcatgettt
agtcctccaccataatgaacacccacagagtgacttttcttcattcgtcagcaaattgaagggcagaactgtectggtggteg
gggaaaagttgtccgtcccaggcaaaatggttgactggttgtcagaccggcectgaggctaccticagagetcggetggattt
aggcatcccaggtgatgtgcccaaatatgacataatatttgttaatgtgaggaccccatataaataccatcactatcagcagt
gtgaagaccatgccattaagcttagcatgttgaccaagaaagcttgtctgcatctgaatccecggcggaacctgtgtcageat
aggttatggttacgctgacagggccagcgaaagcatcattggtgctatagcgeggcagttcaagttttcccgggtatgcaaa

ccgaaatcctcacttgaagagacggaagttctgtttgtattcattgggtacgatcgcaaggeccegtacgcacaatccttacaa
gctttcatcaacctigaccaacatttatacaggttccagactccacgaagccggatgtgcaccctcatatcatgtggtgegag

sfsle atattgccacgg ccaccgaaggagtgattataaatgctgctaacagcaaaggacaacctggcggaggggtgtgcg
Fig. 8L
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gagcgctgtataagaaattcccggaaagcticgatitacagccgatcgaagtaggaaaagcgcgactggtcaaaggtge
agctaaacatatcattcatgccgtaggaccaaacttcaacaaagtttcggaggttgaaggtgacaaacagttggcagagg
cttatgagtccatcgctaagattgtcaacgataacaattacaagtcagtagcgattccactgttgtccaccggcatcittttccgg
gaacaaagatcgactaacccaatcattgaaccatttgctgacagctttagacaccactgatgcagatgtagccatatactgce
agggacaagaaatgggaaatgactctcaaggaagcagtggctaggagagaagcagtggaggagatatgcatatccga
cgactcttcagtgacagaacctgatgcagagctggtgagggtgcatccgaagagttcttiggctggaaggaagggctaca
gcacaagcgatggcaaaacttictcatatttggaagggaccaagtttcaccaggcggccaaggatatagcagaaattaat
gccatgtggcccgttgcaacggaggccaatgagcaggtatgcatgtatatcctcggagaaagcatgagcagtattaggte
gaaatgccccgtcgaagagtcggaagcctccacaccacctagcacgctgecttgettgtgcateccatgecatgactccaga
aagagtacagcgcctaaaagcctcacgtccagaacaaattactgtgtgctcatcctticcatigccgaagtatagaatcact
ggtgtgcagaagatccaatgctcccagcectatatigttictcaccgaaagtgectgcgtatattcatccaaggaagtatctcgtg
gaaacaccaccggtagacgagactccggagccatcggcagagaaccaatccacagaggggacacctgaacaacca
ccacttataaccgaggatgagaccaggactagaacgcctgagccgatcatcatcgaagaggaagaagaggatagceat
aagtttgctgtcagatggcccgacccaccaggtgctgcaagicgaggcagacattcacgggcecgcecctctgtatctagcete
atcctggtccattcctcatgcatccgactitgatgtggacagtttatccatacttgacaccetggagggagcetagegtgaccag
cggggcaacgtcagccgagactaactcttacttcgcaaagagtatggagtttctggcgegaccggtgectgegectcgaac
agtattcaggaaccctccacatccegetccgecgcacaagaacaccgtcacttgcacccagcagggcectgcetcgagaacce
agcctagtttccaccccgccaggcegtgaatagggtgatcactagagaggagctcgaggcegcttaccccgtcacgcactcee
tagcaggtcggtctcgagaaccagcectggtctccaacccgecaggcegtaaatagggtgattacaagagaggagtttgag
gcgttcgtagcacaacaacaatgacggttigatgcgggtgcatacatctittcctccgacaccggtcaagggceatttacaac
aaaaatcagtaaggcaaaccgtgctatccgaagtogtottggagaggaccgaattggagatttcgtatgcccegegecte
gaccaagaaaaagaagaattactacgcaagaaattacagttaaatcccacacctgctaacagaagcagataccagtcc
aggaaggtggagaacatgaaagccataacagctagacgtattctgcaaggcectagggcattatttgaaggcagaagga
aaagtggagtgctaccgaaccctgcatcctgttccttigtatticatctagtgtgaaccgtgccttitcaagccccaaggtecgeag
tggaagcctgtaacgccatgttgaaagagaactttccgactgtggcttcttactgtattattccagagtacgatgcectatttgga
catggttgacggagcttcatgctgcttagacactgccagtttttgccctgcaaagetgecgecagcettitccaaagaaacactccta
tttggaacccacaatacgatcggcagtgccticagcgatccagaacacgcetccagaacgtecetggcagcetgecacaaaa
agaaattgcaatgtcacgcaaatgagagaattgcccgtattggattcggcggcectttaatgtggaatgcettcaagaaatatge
gtgtaataatgaatattgggaaacgtttaaagaaaaccccatcaggcttactgaagaaaacgtggtaaattacattaccaa
attaaaaggaccaaaagctgctgctcttittgcgaagacacataatttgaatatgttgcaggacataccaatggacaggtttgt
aatggacttaaagagagacgtgaaagtgactccaggaacaaaacatactgaagaacggcccaaggtacaggtgatcce
aggctgccgatccgctagcaacagcegtatctgtgecggaatccaccgagagcetggttaggagattaaatgeggtcectgcettc
cgaacattcatacactgtttgatatgtcggctgaagactttgacgctattatagccgagcacttccagectggggattgtgttctg
gaaactgacatcgcgtcgtttgataaaagtgaggacgacgccatggctctgaccgcegttaatgattctggaagacttaggtg
tggacgcagagctgttgacgctgattgaggcggctttcggcgaaatttcatcaatacattigcccactaaaactaaatttaaat
tcggagccatgatgaaatctggaatgttcctcacactgtttgtgaacacagtcattaacattgtaatcgcaagcagagtgttga
gagaacggctaaccggatcaccatgtgcagcattcattggagatgacaatatcgtgaaaggagtcaaatcggacaaatta
atggcagacaggtgcgccacctggttgaatatggaagtcaagattatagatgctgtggtgggcgagaaagcgccttatttct
gtggagggtttattttgtgtgactccgtgaccggcacagcegtgccgtatggcagaccccctaaaaaggcetgtttaagcettage
aaacctctggcagcagacgatgaacatgatgatgacaggagaagggcattgcatgaagagtcaacacgcetggaaccg
agtgggtattctttcagagctgtgcaaggcagtagaatcaaggtatgaaaccgtaggaacttccatcatagttatggccatga
ctactctagctagcagtgttaaatcattcagctacctgagaggggcccctataactctctacggctaacctgaatggactacg
acatagtctagtccgccaagtctagaccatgtctggtcgtaaagctcagggaaaaacccetgggcegtcaatatggtacgacg
aggagttcgctcctigtcaaacaaaataaaacaaaaaacaaaacaaattggaaacagacctggaccticaagaggtgtt
caaggatttatctttttcttittgttcaacattttgactggaaaaaagatcacagcccacctaaagaggttgtggaaaatgcetgga
cccaagacaaggcttggctgtictaaggaaagtcaagagagtggtggccagtttgatgagaggattgtcctcaaggaaac
gccgttcccatgatgttctgactgtgcaattcctaattttgggaatgcetgttgatgacgggtggagtgaccttggtgcggaaaaa
cagatggttgctcctaaatgtgacatctgaggacctcgggaaaacattctctgtgggcacaggcaactgcacaacaaacat
tttggaagccaagtactggtgcccagactcaatggaatacaactgtcccaatctcagtccaagagaggagcecagatgaca
ttgattgctggtgctatggggtggaaaacgttagagtcgcatatggtaagtgtgactcagcaggcaggtctaggaggtcaag
aagggccattgacttgcctacgcatgaaaaccatggtttgaagacccggcaagaaaaatggatgactggaagaatgqgat
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gaaaggcaactccaaaagattgagagatggttcgtgaggaaccccttttttgcagtgacggctctgaccattgectacctigt
gggaagcaacatgacgcaacgagtcgtgattgccctactggtcttggcetgttggtccggcectactcagcetcactgcattgga
attactgacagggatticattgagggggtgcatggaggaacttgggtttcagctaccctggagcaagacaagtgtgtcactgt
tatggcccctgacaagcecttcattggacatctcactagagacagtagccattgatagacctgctgaggtgaggaaagtgtgt
tacaatgcagttctcactcatgtgaagattaatgacaagtgccccagcactggagaggceccacctagetgaagagaacga
aggggacaatgcgtgcaagcgcacttattctgatagaggctggggcaatggctgtggcctatttgggaaagggagcattgt
ggcatgcgccaaattcacttgtgccaaatccatgagtttgtttgaggttgatcagaccaaaattcagtatgtcatcagagcac
aattgcatgtaggggccaagcaggaaaattggaataccgacattaagactctcaagtttgatgccctgtcaggcetcecagg
aagtcgagttcattgggtatggaaaagctacactggaatgccaggtgcaaactgeggtggactttggtaacagttacatcgce
tgagatggaaacagagagctggatagtggacagacagtgggcccaggacttgaccctgccatggcagagtggaagtag
cggggtgtggagagagatgcatcatcttgtcgaatttgaacctccgcatgccgecactatcagagtactggcecctgggaaa
ccaggaaggctccttgaaaacagctcttactggcgcaatgagggttacaaaggacacaaatgacaacaacctttacaaa
ctacatggtggacatgtttcttgcagagtgaaattgtcagctttgacactcaaggggacatcctacaaaatatgcactgacaa
aatgttttttgtcaagaacccaactgacactggccatggcactgttgtgatgcaggtgaaagtgtcaaaaggageecccetge
aggattccagtgatagtagctgatgatcttacagcggcaatcaataaaggcattttggttacagttaaccccatcgcctcaac
caatgatgatgaagtgctgattgaggtgaacccaccttttggagacagctacattatcgttgggagaggagattcacgtctca
cttaccagtggcacaaagagggaagctcaataggaaagttgticactcagaccatgaaaggcgtggaacgcctggcecgt
catgggagacaccgcctgggatttcagctccgctggagggttcttcacttcggttgggaaaggaattcatacggtgtttggctce
tgcctttcaggggctatttggcggcettgaactggataacaaaggtcatcatgggggceggtacttatatggattggcatcaaca
caagaaacatgacaatgtccatgagcatgatcttggtaggagtgatcatgatgtttttgtctctaggagttggggegtaageg
gcccctataactctctacggctaacctgaatggactacgacatagtctagtccgecaagtctagagcettaccatgaccgagt
acaagcccacggtgcgcctcgeccacccgcgacgacgtccccagggecgtacgcaccctecgeegecgegttcgeegact
accccgcecacgcecgecacaccgtecgatccggaccgecacatcgagegggtcaccgagcetgcaagaactcttcctcacge
gcgtcggactecgacatcggecaaggtgtgggtcgeggacgacggecgecgegatggegatcetggaccacgecggagage
gtcgaagcgggggcggtgttcgeccgagatcggeccgegeatggecgagttgageggttcceggetggeecgegeagceaa
cagatggaaggcctcctggcgccgcaccggceccaaggagceccgcegtgattcctggecacegteggegtetcgecegac
caccagggcaagggtctgggcagcgccgtcgtgctccececggagtggaggecggecgagegegecggggtgeccgectt
cctggagacctccgegecccgcaacctcececttctacgageggceteggcettcaccgtcaccgecgacgtcgagtgeecga
aggaccgcgcegacctggtgcatgacccgcaagceccggtgcctgacgcececgecccacgaccegeagegeccgaccega
aaggagcgcacgaccccatgatcgctagaccatggggtaccgagtatgttacgtgcaaaggtgattgtcacccccecgaa
agaccatattgtgacacaccctcagtatcacgcccaaacatttacagccgeggtgtcaaaaaccgegtggacgtggttaac
atccctgctgggaggatcagcecgtaattattataattggcttggtgetggctactattgtggcecatgtacgtgctgaccaaccag
aaacataattgaatacagcagcaattggcaagctgcttacatagaactcgcggegattggcatgecgcecttaaaatttitattt
tattttttcttttctittccgaatcggattitgtttitaatatttcaaaaaaaaaaaaaaaaaaaaaaaaacgcgtcgaggggaatt
aattcttgaagacgaaagggccaggtggcacttttcggggaaatgtgcgecggaacccectatttgtttatttttctaaatacatte
aaatatgtatccgctcatgagacaataaccctgataaatgcticaataatattgaaaaaggaagagtatgagtattcaacatt
tccgtgtcgceccttattcecttitttgecggceattttgecttectgtttttgctcacccagaaacgcetggtgaaagtaaaagatgcetga
agatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaaga
acgttitccaatgatgagcacttttaaagtictgctatgtggcgeggtattatcccgtgttgacaccgggcaagagcaacteggt
cgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaa
gagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaag
gagctaaccgcttttttgcacaacatgggggatcatgtaactcgecttgatcgttgggaaccggagcetgaatgaagcecatac
caaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttact
ctagcticccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgcetcggeccttceggcet
ggctggtttattgctgataaatctggagecggtgagegtgggtctcgeggtatcattgcagcactggggecagatggtaage
cctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgetgagataggat
gcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaag
gatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagegtcagacccecgta

gaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgetgcetigcaaacaaaaaaaccaccgcetaccage
ggatggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgt

cctictagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctegcetetgetaateetgttacea

Fig. 8N
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gtggctgctgccagtggegataagtegtgtettaccgggttggactcaagacgatagttaccggataaggecgcageggtcg
ggctgaacggggggttcgtgcacacagcccagcettggagcgaacgacctacaccgaactgagatacctacagcegtgag
cattgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacaggag
agcgcacgagggagcticcagggggaaacgcctggtatctitatagtcctgtcgggtttcgeccacctctgacttgagegteg
atttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcgagctcgatttaggtgacactata
(SEQ ID NO: 9)

Fig. 80

gatgggcggcgcatgagagaagcccagaccaattacctacccaaaatggagaaagttcacgttgacatcgaggaaga
cagcccattcctcagagcetttgcageggagctticcecgecagtttgaggtagaagccaagcaggtcactgataatgaccatge
taatgccagagcgttttcgcatctggcttcaaaactgatcgaaacggaggtggacccatccgacacgatcecttgacattgga
agtgcgcccgceccgcagaatgtattctaagcacaagtatcattgtatctgtccgatgagatgtgecggaagatccggacagat
tgtataagtatgcaactaagctgaagaaaaactgtaaggaaataactgataaggaattggacaagaaaatgaaggagct
ggccgccgtcatgagcgaccctgacctggaaactgagactatgtgectccacgacgacgagtegtgtcgctacgaaggg
caagtcgctgtttaccaggatgtatacgcggttgacggaccgacaagtctctatcaccaagccaataagggagttagagtc
gcctactggataggctttgacaccaccccttttatgtttaagaacttggctggagcatatccatcatactctaccaactgggecg
acgaaaccgtgttaacggctcgtaacataggcctatgcagctctgacgttatggagcggtcacgtagagggatgtccattctt
agaaagaagtatttgaaaccatccaacaatgttctattctctgtiggctcgaccatctaccacgagaagagggacttactga
ggagctggcacctgccgtctgtatttcacttacgtggcaagcaaaattacacatgtcggtgtgagactatagttagttgcgac
gggtacgtcgttaaaagaatagctatcagtccaggcctgtatgggaagccttcaggctatgctgctacgatgcaccgegag
ggattcttgtgctgcaaagtgacagacacattgaacggggagagggtctctttitcccgtgtgcacgtatgtgccagctacatt
gtgtgaccaaatgactggcatactggcaacagatgtcagtgcggacgacgcgcaaaaactgcetggttgggctcaaccag
cgtatagtcgtcaacggtcgeacccagagaaacaccaataccatgaaaaattaccttttgcccgtagtggeccaggceattt
gctaggtgggcaaaggaatataaggaagatcaagaagatgaaaggccactaggactacgagatagacagttagtcatg
gagtgattgttgggcttttagaaggcacaagataacatctatttataagcgcccggatacccaaaccatcatcaaagtgaaca
gcgatttccactcattcgtgctgcccaggataggcagtaacacattggagatcgggctgagaacaagaatcaggaaaatg
ttagaggagcacaaggagccgtcacctctcattaccgccgaggacgtacaagaagctaagtgcgcagccgatgaggcet
aaggaggtgcgtgaagccgaggagttgegegeagcetctaccacctttggcagctgatgttgaggagceccactctggaage
cgatgtcgacttgatgttacaagaggctggggccggctcagtggagacacctegtggcttgataaaggttaccagcetacga
tggcgaggacaagatcggctcttacgctgtgctttctccgcaggcetgtactcaagagtgaaaaattatcttgcatccaccctct
cgctgaacaagtcatagtgataacacactctggccgaaaagggcgttatgccgtggaaccataccatggtaaagtagtgg
tgccagagggacatgcaatacccgtccaggactttcaagctctgagtgaaagtgccaccattgtgtacaacgaacgtgagt
tcgtaaacaggtacctgcaccatattgccacacatggaggagcgctgaacactgatgaagaatattacaaaactgtcaag
cccagcgagcacgacggcgaatacctgtacgacatcgacaggaaacagtgcgtcaagaaagaactagtcactgggcet
agggctcacaggcgagctggtggatcctcccttccatgaattcgectacgagagtectgagaacacgaccagecgcetcectta
ccaagtaccaaccataggggtgtatggcgtgccaggatcaggcaagtctggcatcattaaaagecgcecagtcaccaaaaaa
gatctagtggtgagcgccaagaaagaaaactgtgcagaaattataagggacgtcaagaaaatgaaagggctggacgtc
aatgccagaactgtggactcagtgctcttgaatggatgcaaacaccccgtagagaccctgtatattgacgaagcttttgcttgt
catgcaggtactctcagagcgctcatagccattataagacctaaaaaggcagtgctctgcggggatcccaaacagtgegg
tttttttaacatgatgtgcctgaaagtgcattttaaccacgagatttgcacacaagtcttccacaaaagcatctctcgeegtigea
ctaaatctgtgacttcggtcgtcicaaccttgitttacgacaaaaaaatgagaacgacgaatccgaaagagactaagattgt
gattgacactaccggcagtaccaaacctaagcaggacgatctcattctcacttgtttcagagggtgggtgaagcagttgcaa
atagattacaaaggcaacgaaataatgacggcagctgcctctcaagggctgacccgtaaaggtgtgtatgccgttcggta
caaggtgaatgaaaatcctctgtacgcacccacctcagaacatgtgaacgtcctactgacccgcacggaggaccgcatce
gtgtggaaaacactagccggcgacccatggataaaaacactgactgccaagtaccctgggaatttcactgccacgatag
aggagtggcaagcagagcatgatgccatcatgaggcacatcttggagagaccggaccctaccgacgtcticcagaataa
ggcaaacgtgtgttgggccaaggctitagtgccggtgctgaagaccgcetggcatagacatgaccactgaacaatggaac
actgtggattattttgaaacggacaaagctcactcagcagagatagtattgaaccaactatgcgtgaggttctttggactcgat
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ctggactccggtctattitctgcacccactgtticcgttatccattaggaataatcactgggataactccccgtcgectaacatgta
cgggctgaataaagaagtggtccgtcagctctctcgcaggtacccacaactgectcgggeagttgeccactggaagagtct
atgacatgaacactggtacactgcgcaattatgatccgcgcataaacctagtacctgtaaacagaagactgcctcatgcttt
agtcctccaccataatgaacacccacagagtgacttttcttcattcgtcagcaaattgaagggcagaactgtcctggtggteg
gggaaaagttgtccgtcccaggcaaaatggttgactggttgtcagaccggcctgaggctaccttcagagctcggcetggattt
aggcatcccaggtgatgtgcccaaatatgacataatattigttaatgtgaggaccccatataaataccatcactatcagcagt
gtgaagaccatgccattaagcttagcatgttgaccaagaaagcttgtctgcatctgaatcccggeggaacctgtgtcageat
aggttatggttacgctgacagggccagcgaaagcatcattggtgctatagecgeggcagttcaagttttcccgggtatgcaaa
ccgaaatcctcacttgaagagacggaagttctgtttgtattcattgggtacgatcgcaaggeccgtacgcacaatcecttacaa
gctttcatcaaccttgaccaacatttatacaggttccagactccacgaagcecggatgtgcaccctcatatcatgtggtgecgag
gggatattgccacggccaccgaaggagtgattataaatgctgctaacagcaaaggacaacctggecggagggatgtgeg
gagcgctgtataagaaattcc:ggaaagcttcgatttacageccgatcgaagtaggaaaagcegegactggtcaaaggtge
agctaaacatatcattcatgccgtaggaccaaacttcaacaaagtitcggaggttgaaggtgacaaacagttggcagagg
cttatgagtccatcgctaagattgtcaacgataacaattacaagtcagtagcgattccactgttgtccaccggcatcttttccgg
gaacaaagatcgactaacccaatcattgaaccatttgctgacagctttagacaccactgatgcagatgtagccatatactgc
agggacaagaaatgggaaaigactctcaaggaagcagtggctaggagagaagcagtggaggagatatgcatatccga
cgactcttcagtgacagaacctgatgcagagctggtgagggtgcatccgaagagttcttiggctggaaggaagggctaca
gcacaagcgatggcaaaactttctcatatttggaagggaccaagtticaccaggcggccaaggatatagcagaaattaat
gccatgtggcccgttgcaacggaggccaatgagcaggtatgcatgtatatcctcggagaaagcatgagcagtattaggtc
gaaatgccccgtcgaagagtcggaagcctccacaccacctagcacgctgecttgettgtgcatccatgecatgactccaga
aagagtacagcgcctaaaagcctcacgtccagaacaaattactgtgtgctcatcctttccattgccgaagtatagaatcact
ggtgtgcagaagatccaatgctcccagcectatattgtictcaccgaaagtgectgegtatattcatccaaggaagtatctegtg
gaaacaccaccggtagacgagactccggagccatcggcagagaaccaatccacagaggggacacctgaacaacca
ccacttataaccgaggatgagaccaggactagaacgcctgagccgatcatcatcgaagaggaagaagaggatagceat
aagtitgctgtcagatggcccgacccaccaggtgctgcaagtcgaggcagacattcacgggccgcecctctgtatctagetc
atcctggtccattcctcatgcatccgactitgatgtggacagtttatccatacttgacaccctggagggagcetagegtgaccag
cggggcaacgtcagccgagactaactcttacttcgcaaagagtatggagtttctggcgcgaccggtgectgegcectcgaac
agtattcaggaaccctccacatcccgcetccgecgcacaagaacaccgtcacttgcacccagcagggcectgctcgagaacce
agcctagtttccaccccgcecaggcegtgaatagggtgatcactagagaggagctcgaggcegcttacceegtcacgcactee
tagcaggtcggtctcgagaaccagcectggtctccaacccgeccaggcegtaaatagggtgattacaagagaggagtttgag
gcgttcgtagcacaacaacaatgacggtttgatgecgggtgcatacatcttttcctccgacaccggtcaagggceatttacaac
aaaaatcagtaaggcaaacggtgctatccgaagtggtgttggagaggaccgaattggagatttcgtatgcecccgegecte
gaccaagaaaaagaagaattactacgcaagaaattacagttaaatcccacacctgctaacagaagcagataccagtcece
aggaaggtggagaacatgaaagccataacagctagacgtattctgcaaggcctagggcattatitgaaggcagaagga
aaagtggagtgctaccgaaccctgcatcctgttcctttgtattcatctagtgtgaaccgtgccttitcaagccccaaggtegeag
tggaagcctgtaacgccatgttgaaagagaactttccgactgtggcttcttactgtattattccagagtacgatgcectatttgga
catggttgacggagcttcatgctgcttagacactgccagtttitgccctgcaaagcetgcgcagcetttccaaagaaacactcecta
tttggaacccacaatacgatcggcagtgccttcagcgatccagaacacgcetccagaacgtectggcagetgeccacaaaa
agaaattgcaatgtcacgcaaatgagagaattgcccgtattggattcggcggcctttaatgtggaatgcttcaagaaatatge
gtgtaataatgaatattgggaaacgtttaaagaaaaccccatcaggcttactgaagaaaacgtggtaaattacattaccaa
attaaaaggaccaaaagctgctgctctitttgcgaagacacataatttgaatatgttgcaggacataccaatggacaggtttgt
aatggacttaaagagagacgtgaaagtgactccaggaacaaaacatactgaagaacggcccaaggtacaggtgatcc
aggctgccgatccgctagcaacagcgtatctgtgcggaatccaccgagagcetggttaggagattaaatgeggtectgctte
cgaacattcatacactgtttgatatgtcggctgaagactttgacgctattatagccgagcacttccagectggggattgtgttetg
gaaactgacatcgcgtcgtttgataaaagtgaggacgacgccatggctctgaccgcegttaatgattctggaagacttaggtg
tggacgcagagctgttgacgctgattgaggceggctttcggcgaaatttcatcaatacatttgcccactaaaactaaatttaaat
tcggagccatgatgaaatctggaatgticctcacactgtttgtgaacacagtcattaacattgtaatcgcaagcagagtgttga
gagaacggctaaccggatcaccatgtgcagcatticattggagatgacaatatcgtgaaaggagtcaaatcggacaaatta
atggcagacaggtgcgccacctggttgaatatggaagtcaagattatagatgctgtggtgggcgagaaagcegcecttatttct
gtggaggagtttattitgtgtgactccgtgaccggcacagcegtgecgtgtggcagaccccctaaaaaggctgtitaagcettggce
aaacctctggcagcagacgatgaacatgatgatgacaggagaagggcattgcatgaagagtcaacacgctggaaccg
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agtgggtattctttcagagctgtgcaaggcagtagaatcaaggtatgaaaccgtaggaacttccatcatagttatggccatga
ctactctagctagcagtgttaaatcattcagctacctgagaggggcccctataactctctacggctaacctgaatggactacg
acatagtctagtccgccaagtctagaccatgagcggccggaaggctcagggcaagaccctgggegtgaacatggtgag
gcgcggcegtgcgcecagcectctccaacaagatcaagcagaagaccaagcagatcggcaacagacccggaccgagecg
gggcgtccaggggttcatcttcticttcctgticaacatcctcacaggtaagaagatcacggcetcacctgaagaggcetctgga
agatgctggaccctcgccageggctcgeggtgetcagaaaggtgaagcgggtegtegectcectgatgegeggcectgtec
tctcgcaagaggcgctcccacgatgtgctcaccgtccaattcctecattctggaatgetgetgatgactggeggegtgaccectg
gtgcgcaagaaccgctggctgctgctgaatgtgaccagtgaggacctcgggtaagggceccctataactctctacggctaa
cctgaatggactacgacatagtctagtccgccaagtctagagcettaccatgaccgagtacaageccacggtgegcectege
cacccgcgacgacgtccccagggcecgtacgecaccctegecgecgcegttcgecgactaccccgecacgegecacacegt
cgatccggaccgccacatcgagcgggtcaccgagctgcaagaactcticctcacgegegtcgggetcgacatcggeaag
gtgtgggtcgcggacgacggcgecgeggtggeggtctggaccacgccggagagegtcgaagegggggceggtgttcge
cgagatcggcccgcegcatggecgagttgageggttccecggetggecgegecagcaacagatggaaggcectectggegec
gcaccggcccaaggagcccgcgtggttcctggeccaccgteggegtetcgecccgaccaccagggcaagggtetgggceag
cgccgtegtgctccccggagtggaggeggecgagegegecggggtgeccgecttcctggagacctcecgegecccgeaa
cctceccecttctacgagcggceteggcettcacegtcaccgecgacgtcgaggtgeccgaaggaccgegceaccetggtgeatga
cccgcaagceccggtgectgacgeccgecccacgacccgcagegeccgaccgaaaggagcgcacgaccccatgateg
ctagaccatggggtaccgagtatgttacgtgcaaaggtgattgtcaccccccgaaagaccatattgtgacacaccctcagt
atcacgcccaaacatttacagccgceggtgtcaaaaaccgegtggacgtggttaacatccetgetgggaggatcagecgta
attattataattggcttggtgctggctactattgtggccatgtacgtgctgaccaaccagaaacataattgaatacagcagcaa
ttggcaagctgcttacatagaactcgcggcgattggcatgccgecttaaaatttttattitattttttctitictittccgaatcggatttt
gtttttaatatttcaaaaaaaaaaaaaaaaaaaaaaaaacgcgtcgaggggaattaattcttgaagacgaaagggcecag
gtggcacttttcggggaaatgtgcgcggaacccctattigtttatttttictaaatacattcaaatatgtatccgctcatgagacaat
aaccctgataaatgcticaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgcccttattccctttttigeg
gcattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggat
tacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagceacttttaaa
gttctgctatgtggcgceggtattatccegtgttgacgeccgggcaagagcaactcggtcgecgcatacactattctcagaatga
cttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgeccataac
catgagtgataacactgcggccaacttacttictgacaacgatcggaggaccgaaggagctaaccgcttitttgcacaacat
gggggatcatgtaactcgcctigatcgttgggaaccggagctgaatgaagccataccaaacgacgagegtgacaccacg
atgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagettcccggcaacaattaatag
actggatggaggcggataaagttgcaggaccacttctgcgcetcggeccttceggetggcetggtttattgetgataaatctgga
gcecggtgagegtgggtctegeggtatecattgcagcactggggecagatggtaagecctececgtategtagttatctacacga
cggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgt
cagaccaagfttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataat
ctcatgaccaaaatcccttaacgtgagttttcgticcactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgaga
tecttttittctgegcegtaatcetgetgcttgcaaacaaaaaaaccaccgctaccageggtggttigttigccggatcaagagceta
ccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtecttctagtgtagecgtagttaggeca
ccacttcaagaactctgtagcaccgcctacatacctcgctetgctaatectgttaccagtggcetgetgecagtggegataagt
cgtgtcttaccggattggactcaagacgatagttaccggataaggcgcageggtcgggetgaacggggaattcgtgecaca
cagcccagcettggagcgaacgacctacaccgaactgagatacctacagcegtgagcattgagaaagegcecacgcttcec

gaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggg
ggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagegtcgatttttgtgatgetegtcaggggggeg

gagcctatggaaaaacgccagcaacgcgagctcgatttaggtgacactata (SEQ ID NO: 1Q)
Fig. 8R
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gatgggcggcgcatgagagaagcccagaccaattacctacccaaaatggagaaagttcacgttgacatcgaggaaga
cagcccattcctcagagctttgcagcggagcticccgcagtttgaggtagaageccaagecaggtcactgataatgaccatgce
taatgccagagcgttttcgcatctggcttcaaaactgatcgaaacggaggtggacccatccgacacgatccttgacattgga
agtqgcgcccgcccgcagaatgtattctaagcacaagtatcattgtatctgtccgatgagatgtgcggaagatccggacagat
tgtataagtatgcaactaagctgaagaaaaactgtaaggaaataactgataaggaatiggacaagaaaatgaaggagct
ggccgccgtcatgagcgaccctgacctggaaactgagactatgtgcectccacgacgacgagtegtgtcgetacgaaggg
caagtcgctgtttaccaggatgtatacgcggttgacggaccgacaagtctctatcaccaagccaataagggagttagagtc
gcctactggataggctttgacaccaccccttitatgtttaagaacttggetggagcatatccatcatactctaccaactgggacecg
acgaaaccgtgttaacggctcgtaacataggcctatgcagctctgacgttatggagecggtcacgtagagggatgtccattctt
agaaagaagtatttgaaaccatccaacaatgttctattctctgttggctcgaccatctaccacgagaagagggacttactga
ggagctggcacctgccgtctgtatttcacttacgtggcaagcaaaattacacatgtcggtgtgagactatagttagttgcgac
gggtacgtcgttaaaagaatagctatcagtccaggectgtatgggaagectticaggcetatgetgetacgatgcacecgegag
ggattcttgtgctgcaaagtgar.agacacattgaacggggagagggtctctittcccgtgtgcacgtatgtgccagctacatt
gtagtgaccaaatgactggcatactggcaacagatgtcagtgcggacgacgcgcaaaaactgcetggttgggctcaaccag
cgtatagtcgtcaacggtcgcacccagagaaacaccaataccatgaaaaattaccttttgcccgtagtggeccaggceattt
gctaggtgggcaaaggaatataaggaagatcaagaagatgaaaggccactaggactacgagatagacagttagtcatg
gggtgttgttgggcttttagaagjcacaagataacatctatttataagcgcccggatacccaaaccatcatcaaagtgaaca
gcgatttccactcattcgtgctgcccaggataggcagtaacacattggagatcgggctgagaacaagaatcaggaaaatg
ttagaggagcacaaggagccgtcacctctcattaccgccgaggacgtacaagaagctaagtgegcagcecgatgaggct
aaggaggtgcgtgaagccgaggagttgcgcgcagcetctaccacctttggcagctgatgttgaggageccactetggaage
cgatgtcgacttgatgttacaagaggctggggccggctcagtggagacacctcgtggctigataaaggttaccagctacga
tggcgaggacaagatcggctcttacgctgtgctttctccgcaggcetgtactcaagagtgaaaaattatcttgcatccaccctct
cgctgaacaagtcatagtgataacacactctggccgaaaagggcgttatgccgtggaaccataccatggtaaagtagtgg
tgccagagggacatgcaatacccgtccaggactttcaagctctgagtgaaagtgecaccattgtgtacaacgaacgtgagt
tcgtaaacaggtacctgcaccatattgccacacatggaggagcgctgaacactgatgaagaatattacaaaactgtcaag
cccagcgagcacgacggcgaatacctgtacgacatcgacaggaaacagtgcgtcaagaaagaactagtcactgggct
agggctcacaggcgagctggtggatcctcccticcatgaattcgectacgagagtctgagaacacgaccagcecgctcctta
ccaagtaccaaccataggggtgtatggcgtgccaggatcaggcaagtctggcatcattaaaagcgcagtcaccaaaaaa
gatctagtggtgagcgccaagaaagaaaactgtgcagaaattataagggacgtcaagaaaatgaaagggcetggacgte
aatgccagaactgtggactcagtgctcttgaatggatgcaaacaccccgtagagaccctgtatattgacgaagcttttgcettgt
catgcaggtactctcagagcgctcatagccattataagacctaaaaaggcagtgctctgcggggatcccaaacagtgegg
tttttttaacatgatgtgcctgaaagtgcattitaaccacgagatttgcacacaagtcticcacaaaagcatctctcgecgttgea
ctaaatctgtgacttcggtcgtctcaaccttigtittacgacaaaaaaatgagaacgacgaatccgaaagagactaagattgt
gattgacactaccggcagtaccaaacctaagcaggacgatctcattctcacttgttticagagggtgggtgaagcagttgcaa
atagattacaaaggcaacgalatgacggcagctgcctctcaagggctgacccgtaaaggtgtgtatgccgttcggtacaa
ggtgaatgaaaatcctctgtacgcacccacctcagaacatgtgaacgtcctactgacccgcacggaggaccgceatcgtgt
ggaaaacactagccggcgacccatggataaaaacactgactgccaagtaccctgggaatttcactgccacgatagagg
agtggcaagcagagcatgatgccatcatgaggcacatcttggagagaccggaccctaccgacgtcttccagaataaggce
aaacgtgtgttgggccaaggctttagtgccggtgctgaagaccgctggcatagacatgaccactgaacaatggaacactg
tggattattttgaaacggacaaagctcactcagcagagatagtattgaaccaactatgcgtgaggttctttggactcgatcetgg
actccggtctatittctgcacccactgttccgttatccattaggaataatcactgggataactcccegtecgectaacatgtacgg
gctgaataaagaagtggtccgtcagctctctcgcaggtacccacaactgectcgggceagtigecactggaagagtcetatga
catgaacactggtacactgcgcaattatgatccgcgcataaacctagtacctgtaaacagaagactgcctcatgctttagte
ctccaccataatgaacacccacagagtgacttttcttcattcgtcagcaaattgaagggcagaactgtcetggtggtcgaag
aaaagttgtccgtcccaggcaaaatggttgactgatigtcagaccggcectgaggctaccttcagagcetcggetggatttagg
catcccaggtgatgtgcccaaatatgacataatattigttaatgtgaggaccccatataaataccatcactatcagcagtgtg
aagaccatgccattaagcttagcatgttgaccaagaaagcttgtctgcatctgaatcccggcggaacctgtgtcagcatagg
ttatggttacgctgacagggccagcgaaagcatcattggtgctatagcgcggcagttcaagttttcccgggtatgcaaacceg

aaatcctcacttgaagagacggaagttctgtttgtaticattgggtacgatcgcaaggcccgtacgcacaatccttacaagctt
tcatcaaccttgaccaacatttatacaggttccagactccacgaagccggatgtgcaccctcatatcatgtggtgcgagggg

atattgccacggccaccgaaggagtgattataaatgctgctaacagcaaaggacaacctggcggaggggtgtgcggag
Fig. 8S
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cgctgtataagaaattcccggaaagcttcgatttacagecgatcgaagtaggaaaagcegcecgactggtcaaaggtgcagcet
aaacatatcattcatgccgtaggaccaaacttcaacaaagtttcggaggttgaaggtgacaaacagttggcagaggcttat
gagtccatcgctaagattgtczacgataacaattacaagtcagtagcgattccactgttgtccaccggcatcttttccgggaa
caaagatcgactaacccaatcattgaaccatttgctgacagctttagacaccactgatgcagatgtagccatatactgcagg
gacaagaaatgggaaatgactctcaaggaagcagtggctaggagagaagcagtggaggagatatgcatatccgacga
ctcttcagtgacagaacctgatgcagagcetggtgagggtgcatccgaagagttctitggctggaaggaagggcetacagcea
caagcgatggcaaaactttctcatatttggaagggaccaagtttcaccaggcggccaaggatatagcagaaattaatgec
atgtggcccgttgcaacggaggccaatgagcaggtatgcatgtatatcctcggagaaagcatgagcagtattaggtcgaa
atgccccgtcgaagagtcggaagcctccacaccacctagcacgctgccttgctigtgcatccatgeccatgactccagaaag
agtacagcgcctaaaagcctcacgtccagaacaaattactgtgtgcetcatectttccattgeccgaagtatagaatcactgatg
tgcagaagatccaatgctcccagcctatattgtictcaccgaaagtgcectgcgtatattcatccaaggaagtatctcgtggaa
acaccaccggtagacgagactccggagccatcggcagagaaccaatccacagaggggacacctgaacaaccacca
cttataaccgaggatgagaccaggactagaacgcectgagccgatcatcatcgaagaggaagaagaggatagcataagt
ttgctgtcagatggcccgacccaccaggtgcetgcaagtcgaggcagacattcacgggcecgcecctcetgtatctagetecatcct
ggatccattcctcatgcatccgactttgatgtggacagtttatccatacttgacaccctggagggagctagegtgaccageggg
gcaacgtcagccgagactaactcttactticgcaaagagtatggagtttctggcgegaccgatgectgegcectecgaacagta
ttcaggaaccctccacatcccgcetccgegcacaagaacaccgtcacttgcacccagcagggcectgetcgagaaccagcec
tagtttccaccccgccaggcgtgaatagggtgatcactagagaggagctcgaggcgcettacceccgtcacgcactectage
aggtcggtctcgagaaccagctggtctccaacccgecaggegtaaatagggtgattacaagagaggagtttgaggcegtte
gtagcacaacaacaatgacggtttgatgcgggtgcatacatcttttcctccgacaccggtcaagggcatttacaacaaaaat
cagtaaggcaaacggtgctatccgaagtgatgttggagaggaccgaattggagatttcgtatgccccgegectcgaccaa
gaaaaagaagaattactacgcaagaaattacagttaaatcccacacctgctaacagaagcagataccagtccaggaag
gtggagaacatgaaagccataacagctagacgtattctgcaaggcctagggcattatttgaaggcagaaggaaaagtgg
agtgctaccgaaccctgcatcctgttcctttgtattcatctagtgtgaaccgtgectiticaagccccaaggtcgecagtggaage
ctgtaacgccatgttgaaagagaactttccgactgtggcttcttactgtattattccagagtacgatgcectatttggacatgattg
acggagcttcatgctgcttagacactgccagtttitgccctgcaaagctgcgcagctttccaaagaaacactcectatttggaac
ccacaatacgatcggcagtgcctticagcgatccagaacacgctccagaacgtcctggcagetgccacaaaaagaaattg
caatgtcacgcaaatgagagaattgcccgtattggattcggcggcctttaatgtggaatgcticaagaaatatgcgtgtaata
atgaatattgggaaacgtttaaagaaaaccccatcaggcttactgaagaaaacgtggtaaattacattaccaaattaaaag
gaccaaaagctgctgcetctttittgcgaagacacataatttgaatatgttgcaggacataccaatggacaggtttgtaatggact
taaagagagacgtgaaagtgactccaggaacaaaacatactgaagaacggcccaaggtacaggtgatccaggctgec
gatccgctagcaacagcgtatctgtgcggaatccaccgagagcetggttaggagattaaatgeggtectgcttccgaacattc
atacactgtttgatatgtcggctgaagactttgacgctattatagccgagcacttccagectggggattgtgttctggaaactga
catcgcgtcgtttgataaaagtgaggacgacgccatggctetgaccgegttaatgattctggaagacttaggtgtggacgcea
gagctgttgacgctgattgaggcggctttcggcgaaatttcatcaatacatttgcccactaaaactaaatttaaattcggagec
atgatgaaatctggaatgttcctcacactgtitgtgaacacagtcattaacattgtaatcgcaagcagagtgttgagagaacg
gctaaccggatcaccatgtgcagcattcattggagatgacaatatcgtgaaaggagtcaaatcggacaaattaatggcag
acaggtgcgccacctggttgaatatggaagtcaagattatagatgctgtggtgggcgagaaagegcecttatttctgtggagg
gtttattttgtgtgactccgtgaccggcacagcegtgecgtgtggcagaccccctaaaaaggcetgtttaagcttggcaaacctct
ggcagcagacgatgaacatgatgatgacaggagaagggcattgcatgaagagtcaacacgctggaaccgagtgggta
ttctttcagagctgtgcaaggcagtagaatcaaggtatgaaaccgtaggaacttccatcatagttatggccatgactactcta
gctagcagtgttaaatcattcagctacctgagaggggcccctataactctctacggctaacctgaatggactacgacatagt
ctagtccgccaagtctagaccatgagcggccggaaggctcagggcaagaccctgggcegtgaacatggtgaggegeag
cgtgcgcagcectctccaacaagatcaagcagaagaccaagcagatcggcaacagacccggaccgageeggggcgte
caggggattcatcticttcttcctgticaacatcctcacaggtaagaagatcacggctcacctgaagaggctctggaagatgct
ggaccctcgccaggggctcgeggtgctcagaaaggtgaagegggtcegtcgectecctgatgegeggcectgtectetegea
agaggcgctcccacgatgtgctcaccgtccaattcctcattctgggaatgcetgttgatgacgggtggagtgaccttggtgegg
aaaaacagatggttgctcctaaatgtgacatctgaggacctcgggaaaacattctctgtgggcacaggcaactgcacaac
aaacattttggaagccaagtactggtgcccagactcaatggaatacaactgtcccaatctcagtccaagagaggagcecag
atgacattgattgctggtgctatggggtggaaaacgttagagtcgcatatggtaagtgtgactcagcaggcaggtctaggag
gtcaagaagggccattgacttgcctacgcatgaaaaccatggtttgaagacccggcaagaaaaatggatgactggaaga

Fig. 8T
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atgggtgaaaggcaactccaaaagattgagagatggttcgtgaggaaccccttttttgcagtgacggctctgaccattgect
accttgtgggaagcaacatgacgcaacgagtcgtgattgccctactggtcttggctgttggtccggcectactcagctcactge
attggaattactgacagggatttcattgagggggtgcatggaggaacttgggtttcagctaccctggagcaagacaagtgtg
tcactgttatggcccctgacaagcecttcattggacatctcactagagacagtagccattgatagacctgctgaggtgaggaa
agtgtgttacaatgcagttctcactcatgtgaagattaatgacaagtgccccagcactggagaggcccacctagctgaaga
gaacgaaggggacaatgcgtgcaagcgcacttatictgatagaggctggggcaatggcetgtggcectattigggaaaggg
agcattgtggcatgcgccaaattcacttgtgccaaatccatgagtttgtttgaggttgatcagaccaaaattcagtatgtcatca
gagcacaattgcatgtaggggccaagcaggaaaattggaataccgacattaagactctcaagtttgatgccctgtcaggct
cccaggaagtcgagttcattgggtatggaaaagctacactggaatgccaggtgcaaactgeggtggactttggtaacagtt
acatcgctgagatggaaacagagagctggatagtggacagacagtgggcccaggacttgaccctgccatggcagagtg
gaagtggcgggagtgtggagagagatgcatcatcttgtcgaatttgaacctccgcatgccgcecactatcagagtactggecct
gggaaaccaggaaggctccttgaaaacagctcttactggcgcaatgagggttacaaaggacacaaatgacaacaacct
ttacaaactacatggtggacatgtitcttgcagagtgaaattgtcagctttgacactcaaggggacatcctacaaaatatgca
ctgacaaaatgttttttgtcaagaacccaactgacactggccatggcactgttgtgatgcaggtgaaagtgtcaaaaggagce
cccctgcaggattccagtgatagtagcetgatgatcttacagcggcaatcaataaaggcattttggttacagttaaccccatceg
cctcaaccaatgatgatgaagtgctgattgaggtgaacccaccttttggagacagctacattatcgttgggagaggagattc
acgtctcacttaccagtggcacaaagagggaagctcaataggaaagttgttcactcagaccatgaaaggcgtggaacgce
ctggccgtcatgggagacaccgcectgggatttcagctccgetggagggttcttcacttcggttgggaaaggaattcatacggt
gtttggctctgcctitcaggggctatttggcggcettgaactggataacaaaggtcatcatgggggceggtacttatatgggttgge
atcaacacaagaaacatgacaatgtccatgagcatgatcttggtaggagtgatcatgatgtttttgtctctaggagttggggce
gtaagcggcccctataactctctacggctaacctgaatggactacgacatagtctagtccgecaagtctagagcettaccatg
accgagtacaagcccacggtgcgcctcgecacccgegacgacgtccccagggecgtacgcacccetcgecgecgegttc
gccgactaccccgecacgcegcecacaccgtcgatccggaccgecacatcgagegggtcaccgagetgcaagaactcette
ctcacgcgcgtcgggctcgacatcggcaaggtgtgggtecgecggacgacggegecgeggtggeggtetggaccacgecg
gagagcgtcgaagcgggggcggtgtticgccgagatcggeccgcegeatggecgagttgageggttcceggetggecgeg
cagcaacagatggaaggcctcctggcgecgecaccggceccaaggagceccgcegtggttcetggecaccgtcggegteteg
cccgaccaccagggcaagggtctgggcagegcecegtegtgetccccggagtggaggeggecgagegegecggagatgce
ccgccttcctggagacctccgegeccecgecaaccteccecttictacgageggceteggeticaccgtcaccgecgacgtegag
gtgcccgaaggaccgcegceacctgatgcatgacccgcaageccggtgcctgacgeccgecccacgacccgecagcegecce
gaccgaaaggagcgcacgaccccatgatcgctagaccatggggtaccgagtatgttacgtgcaaaggtgattgtcacece
cccgaaagaccatattgtgacacaccctcagtatcacgcccaaacatttacagccgceggtgtcaaaaaccgegtggacgt
ggttaacatccctgctgggaggatcagccgtaattattataattggcttggtgctggctactattgtggecatgtacgtgcetgac
caaccagaaacataattgaatacagcagcaattggcaagctgcttacatagaactcgcggcgattgcatgccgecttaaa
atttttattttattttttctttictittccgaatcggatttigtttttaatatttcaaaaaaaaaaaaaaaaaaaaaaaaacgcgtcgag
gggaattaattcttgaagacgaaagggccaggtggcacttttcggggaaatgtgcgcggaacccctattigtitatitttctaaa
tacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtatt
caacatttccgtgtcgceccttattcccttttitgecggcattttgecttcctgtttitgctcacccagaaacgcetggtgaaagtaaaag
atgctgaagatcagtigggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgecce
cgaagaacgttttccaatgatgagcacttttaaagttctgctatgtggcgceggtattatccegtgttgacgeccgggecaagage
aactcggtcgccgceatacactattctcagaatgacttiggttgagtactcaccagtcacagaaaagcatcttacggatggceat
gacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggag
gaccgaaggagctaaccgctttittgcacaacatgggggatcatgtaactcgcecttgatcgtigggaaccggagcetgaatg
aagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggceg
aactacttactctagcticccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgegeteggce
ccttccggcetggcetggtttattgectgataaatctggagecggtgageatgggtetecgegatatcattgcagecactggggecag
atggtaagccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgcet
gagataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcattttt
aatttaaaaggatctaggtgaagatccttittgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagegtcea
gaccccgtagaaaagatcaaaggatcticttgagatcctttittictgcgegtaatetgcetgettgcaaacaaaaaaaccace
gctaccagcggtggatttgtttgccggatcaagagctaccaactctttticcgaaggtaactggcttcagcagagegcagatac
caaatactgtcctictagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcectacatacctegetcetgctaa

Fig. 8U
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tcctgttaccagtggctgcetgeccagtggcgataagtegtgtcttaccgggttggactcaagacgatagttaccggataaggeg
cagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagataccta
cagcgtgagcattgagaaagcgccacgctticccgaagggagaaaggcggacaggtatccggtaagcggcaggatceg

gaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgccacctcetgac
ttgagcgtcgatttttgtgatgctcgtcaggggggcggagcectatggaaaaacgccagcaacgecgagctcgatttaggtga

cactata (SEQ ID NO: 11)

Fig. 8V
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IRES-RLuc

AGCAUAUUGAC ( SEQ
AGCAUAUUGAG ( SEQ

AGCAUAUUGUC ( SEQ

AGCAUAUUCAC ( SEQ
AGCAUAUAGAC (SEQ

m11 GUCAUUAUGCU(SEQ ID NO:24) AGCAUAAUGAC(SEQ
m12 GUCAAAAUGCU(SEQ ID NO:25) AGCAUUUUGAC (SEQ

m13 GUCAAUUUGCU(SEQ ID NO:26)AGCAAAUUGAC (SEQ

m14 GUCAAUAUCCU(SEQ ID NO:27)AGGAUAUUGAC (SEQ
m15 GUCAAUAUGGU(SEQ ID NO:28)ACCAUAUUGAC (SEQ

M16 GUCAAUAUGCA(SEQ ID NO:29) UGCAUAUUGAC (SEQ
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PSEUDOINFECTIOUS FLAVIVIRUS AND
USES THEREOFK

CROSS REFERENCE TO RELATED
APPLICATION

This non-provisional application claims benefit of provi-
sional application U.S. Ser. No. 60/777,189 filed on Feb. 27,

2006, now abandoned.

FEDERAL FUNDING LEGEND

This mvention was produced in part using funds obtained
through National Institute of Health grants (RO1AI033135

and 1U54A1057156-010004). Consequently, the federal gov-
ernment has certain rights in this invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to the fields of molecular
biology, virology and immunology. In general, the present
invention discloses construction of replication-deficient
viruses belonging to the Flaviviridae family and their use as
vaccine in prevention of diseases caused by viruses belonging,
to this family. More specifically, the present mvention pro-
vides replication-deficient flaviviruses or pseudoinfectious
flaviviruses (PIV aka RepliVAX) and discloses 1ts use as
preventive vaccines against flavivirus-associated diseases.

2. Description of the Related Art

The Flavivirus genus of the Flaviviridae family contains a
variety of important human and animal pathogens and have
been classified 1into four distinct antigenic complexes based
on differences in reactivity in immunological tests. Generally,
the flaviviruses circulate between avian or mammalian ampli-
tying hosts and mosquito or tick vectors.

The flavivirus genome 1s a single-stranded capped RNA of
positive polarity lacking a 3' terminal poly(A) sequence. It
encodes a single polypeptide that 1s co- and post-translation-
ally processed into viral structural proteins, C, prM/M, and E,
forming viral particles, and the nonstructural proteins, NS1,
NS2A, NS2B, NS3, NS4A, NS4B and NS5, required for
replication of viral genome and 1ts packaging into infectious
virions (Chambers, 1990). Virions contain a single copy of
viral genomic RNA packaged ito a C protein-containing,
nucleocapsid, surrounded by lipid envelope holding het-
erodimers of M and E proteins. In contrast to many other
enveloped viruses, interaction between nucleocapsid and
envelope spikes 1s not very specific and M/E-containing enve-
lope can efficiently form around nucleocapsid derived from
heterologous flavivirus, demonstrating limited level of
homology 1n capsid sequence (Lorenz, 2002). Alternatively,
expression of prM and E 1n the absence of C can lead to
formation of subviral particles (SVPs), containing no RNA or
C protein (Mason, 1991).

PrM/M-E cassettes producing subviral particles have been
the basis of several vaccine candidates that are known 1n the
art. These vaccine candidates include subunit (Konishi, 1992;
2001; 2002; (iao, 2004), DNA (Phillpotts, 1996; Kochel,
1997; Schmaljohn, 1997; Colombage, 1998; Aberle, 1999;
Konishi, 2000; Konishi, 2000; Kochel, 2000; Davis, 2001),
and live-vectored (Mason, 1991; Konishi, 1992; Pincus,
1992; Fonseca, 1994; Pugachev, 1995; Colombage, 1998;
Kanesa, 2000; Minke, 2004) vaccines. However, these vac-
cines have serious disadvantages. For instance, the subunit
vaccines are safe to use but difficult to produce large quanti-
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ties; the DNA vaccines are poorly immunogenic, and the viral
vectored vaccines sulfer from lack of potency in the presence
of vector immunity.

Therefore, 1n spite of a great concern about flavivirus-
associated diseases and continuing spread of the flaviviruses
into the new areas, antiviral therapeutics have not yet been
developed for these infections, and a very limited number of
approved vaccines have been produced to-date. Inactivated
viral vaccines (INVs) have been licensed to prevent tick-
borne encephalitis (TBEV) and Japanese encephalitis (JEV).
However, like other 1nactivated viral vaccines, these vaccines
have low limited potency and require multiple vaccinations.
Despite these drawbacks the Japanese encephalitis and tick-
borne encephalitis INVs have an advantage of good safety
records. The only licensed live-attenuated vaccine (LAV) for
a flavivirus 1s the widely utilized live-attenuated vaccine
based on the yellow fever virus (YFV) 17D strain that was
developed by serial passaging of the wild type Asibi1 strain of
yellow fever virus 1n chicken embryo tissues. Although this
live-attenuated vaccine 1s considered very sate and effective,
cases of yellow fever in vaccinees have been reported, includ-
ing a recent case 1 a US military recruit (Gerasimon, 2005).
Furthermore, this vaccine 1s not recommended for use in
infants, pregnant women or the immunocompromised indi-
viduals due to adverse effects, including vaccine-associated
encephalitis.

However, the development of the reverse genetics systems
for flaviviruses has led to the production and designing of new
types of live-attenuated vaccine, based on rational attenuation
of these viruses. This new class of vaccines includes yellow
tever virus 17D-based chimeras, 1n which the yellow fever
virus prM-E-encoding genome fragment cassette has been
replaced with the prM-E-cassette derived from heterologous
flaviviruses (Chambers, 1999). Similar chimeric virus-based
approach was applied for dengue- and TBE-based backbones
(Pletnev, 2002; Huang, 2003). In most cases, chimeric fla-
viviruses demonstrate a highly attenuated phenotype and are
capable of eliciting efficient protective immune response and
protect against following infection with viruses, whose struc-
tural proteins are expressed by the chimeras (Monath, 2002).
Effective vaccination with these chimeric vaccine candidates
appears not to be prevented by pre-existing “vector” immu-
nity (Monath, 2002), which has interfered with potency of
recombinant viral vaccines based on other viral vectors. Fur-
ther, although chimeric flaviviruses might provide a reason-
ably universal approach to producing new vaccines, there are
concerns that the chimeras themselves might be pathogenic
(Chambers, 1999) at least 1n the immunocompromised 1ndi-
viduals, or that pathogenic chimeras might arise, since muta-
tions have been detected during the process of propagation of
these viruses (Pugachev, 2004).

Another promising direction in vaccine development 1s
based on creating of irreparable deletions in flavivirus
genome that make productive virus replication in the vacci-
nated host either a less efficient or an impossible event. In the
latter case, viral genomes encoding the entire replicative
machinery, but lacking, for instance, the C-coding region, can

be delivered for in vivo immunization either as in vitro-
synthesized RNA, capable of self-replication (Kofler, 2004;

Aberle, 2003), or, probably, in DNA form (under control of
the RNA polymerase II promoters or as in vitro-synthesized
RNA, capable of self-replication (Kofler, 2004; Aberle,
2003). Direct immunization with 1n vitro synthesized defec-
tive RNA genomes, which specifies the production of SVPs in
the absence ol a complete viral replication cycle, has been
demonstrated to be safe and effective 1n producing protective
immunity (Kofler, 2004; Aberle, 20035). However, there may
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be significant obstacles 1n producing an RNA-based vaccine
candidate, due to synthesis, stability, and delivery 1ssues.

Thus, prior art 1s deficient 1s deficient 1n a safe, potent and
clfective type of vaccine that can be used against diseases
caused by infection with viruses belonging to the Flaviviridae
family. The present invention fulfills this long-standing need
and desire 1n the art.

SUMMARY OF THE INVENTION

In one embodiment of the present invention, there 1s pro-
vided a replication-deficient pseudoiniectious virus of Fla-
viviridae family. Such a replication-deficient pseudointec-
tious virus comprises: a deletion 1n the nucleotide sequence
encoding capsid (C) protein such that the deletion does not
disrupt the RNA sequence required for genome cyclization,
the signal sequence for prM protein that 1s required for the
proper maturation of prM/M or a combination thereotf, where
the replication-deficient pseudoinfectious virus replicates
only 1n cells expressing C protein or C, prM, envelope pro-
tein, mutated C protein, mutated prM, mutated envelope pro-
tein or combinations thereol of the virus of the Flaviviridae
famaily.

In another related embodiment of the present invention,
there 1s provided a cell culture system expressing C protein or
C, prM, envelope protein, mutated C protein, mutated prM,
mutated envelope protein or combinations thereof of the virus
of the Flaviviridae family effective to enable propagation of
the above-described replication-deficient pseudoinfectious
virus of the Flaviviridae family under suitable conditions.

In yet another embodiment of the present invention, there 1s
provided a method of producing the replication-deficient
pseudoinfectious virus of the Flaviviridae family described
above. Such a method comprises generating a replication-
deficient pseudoiniectious virus of the Flaviviridae family
that comprises deletion 1n the capsid gene such that the dele-
tion does not disrupt the RNA sequence required for genome
cyclization, the signal sequence for prM protein that is
required for the proper maturation of prM/M or a combina-
tion thereot; generating a cell line that expresses C protein or
C, prM, envelope protein, mutated C protein, mutated prM,
mutated envelope protein or combinations thereof of the virus
of the Flavivinidae family, where the cell line provides high
levels of the proteins of the Flaviviridae needed for propaga-
tion of the replication-deficient pseudoinfectious virus of the
Flaviviridae family; and infecting the cell line with the
pseudoinfectious virus of the Flaviviridae family, thereby
producing the replication-deficient pseudoinfectious virus of
the Flaviviridae family.

In another related embodiment of the present invention,
there 1s provided a pharmaceutical composition, comprising,
the replication-deficient pseudointectious virus of the Fla-
viviridae family produced by the method described herein.

In a further related embodiment of the present mvention,
there 1s provided a method of protecting a subject from 1nfec-
tions resulting from exposure to Flaviviridae. Such a method
comprises administering to the subject an immunologically
clfective amount of the pharmaceutical composition pro-
duced by the method described herein, that elicits an immune
response against the Flaviviridae 1n the subject, thereby pro-
tecting the subject from the infections.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a schematic representation of tlavivirus PIV rep-
lication 1n the cells producing C or all of the viral structural
proteins for trans-complementation of the defect. Replication
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of PIVs in normal cells 1n vivo or in vitro leads to release
SVPs having no nucleocapsid.

FIGS. 2A-2C show that YFV C and YFV C, prM and
E-expressing cell lines can complement replication of YF
PIV. FIG. 2A 1s a schematic representation of YFV and GFP-
expressing YF PIV genome. FIG. 2B 1s a schematic represen-
tation of VEEV replicons expressing Pac gene and YFV C
with the signal peptide of prM (anchored C; VEErep/C1/Pac),
or anchored C with 20 a. a. of prM (VEErep/C2/Pac), or all of
the YFV structural proteins (VEErep/C-prM-E/Pac). F1G. 2C
shows the release of YF PIV by the cell lines transiected with
in vitro-synthesized PIV genome. Media was replaced at the
indicated time points, and titers of PIVs were determined.
Arrows 1ndicate time points when cells were subpassaged at
a 1:5 ratio.

FIGS. 3A-3B show growth curves of YF PIV on the pack-
aging cell lines. BHK-21 cells containing VEErep/C2/Pac
and VEErep/C-prM-E/Pac replicons were infected with YF
PIV at indicated MOIs 1n infectious units per cell. At the
indicated times, media was replaced and titers of released PIV
were determined. Arrows indicate time points when cells

were subpassaged at 1:5 ratio. FIG. 3A shows growth curve at
MOI 10 mf.u/cell and FIG. 3B shows growth curve at MOI

0.1 inf.u/cell.

FIGS. 4A-4C show that cells expressing codon-optimized
C gene produced YF PIV. FIG. 4A shows the nucleotide
sequence of synthetic gene. The introduced mutations are
indicated by lowercase letters (SEQ ID NO: 1). FIG. 4B
shows growth curves of YF PIV on the packaging cell lines.
BHK-21 cells contaiming VEErep/C2/Pac, VEErep/C-prM -
E/Pac, VEErep/C2opt/Pac and VEErep/Copt-prM-E/Pac rep-
licons were infected with YF PIV at indicated MOIs 1n infec-
tious units per cell. Atthe indicated times, media was replaced
and titers of released PIV were determined. FIG. 4C shows
plaques developed in VEErep/C2opt/Pac-containing cell line
by YFV and YF PIV after 4 days of incubation at 37° C.

FIGS. SA-5C show that WN PIV develops spreading infec-
tion 1 packaging cells. F1G. 5A 1s a schematic representation
of WN PIV genome and VEEV replicon expressing WNV
structural genes. FIG. 3B shows that WN PIV produced foci
of WNYV antigen-positive cells (revealed with an antibody to
NS1-upon infection of BHK(VEErep/C*-E*-Pac) cells after
70 hours of incubation. FIG. 5C shows the same WN PIV
preparations produced only single infected cells (revealed at
70 hours post infection with the same tragacanth staining
method used 1n FIG. SB) upon infection of Vero cell mono-
layers.

FIGS. 6 A-6C show detection of E protein upon release
from cells infected with YF and WN PIVs. In FIG. 6 A, BHK-

21 cells were infected with YF PIV at an MOI of 5 inf.u/cell.
The released SVPs were harvested and purified by ultracen-
trifugation. Samples were resolved by SDS PAGE, trans-
terred to filters, E protein was detected by D1-4G2 MAB.
Media harvested from uninfected cells, lane 1; media har-
vested from the cells infected with YF PIV at 48 h post
infection, lane 2; media harvested from the cells infected with
YF PIVsat 72 hpost infection, lane 3; YFV (2x10” PFU), lane
4. In FI1G. 6B, vero cells were infected with WN PIV {for 24
hrs, and then portions of the clanfied culture flmd (collected
betore any cell lysis was detected), were resolved by SDS
PAGE, transferred to filters, and reacted with an E-specific
MARB (7H2; Bioreliance). Reaction of the same samples with
polyclonal sera failed to reveal any cell-associated non-struc-
tural proteins 1n this preparation (results not shown) confirm-
ing that the E protein was actively secreted. Sample of WNYV,
lane 1:; media harvested from uninfected cells, lane 2; media

harvested from the cells infected with WN PIV at 48 h post
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infection, lane 3. In FI1G. 6C, a western blot showing E protein
content of fractions prepared form a sucrose density gradient

obtained from SVPs harvested from normal (non-packaging)
BHK cells electroporated with YFV PIV RNA. The peak of E
protein reactivity (at 32% sucrose) corresponded to the den-
sity of SVPs and 1n agreement with this fact, migrated more
slowly than YFV run 1n a side-by-side analyses (42%).

FIGS. 7A-T7F show schematic representation of plasmids
used for Yellow fever (YF) and West Nile (WN) pseudointec-
tious virus (PIV) production. FIG. 7A shows pYFPIV, FIG.
7B shows pWNPIV, FIG. 7C shows pVEErep/C1/Pac, FIG.
7D shows pVEFErep/C2/Pac, FIG. 7E shows pVEErep/C3/
PAc, FIG. 7F shows pVEErep/C*-E*-Pac.

FIGS. 8A-8V show the sequences of the plasmids used
herein. FIGS. 8 A-8D shows sequence of pYFPIV (SEQ ID
NO: 6), FIGS. 8E-8H shows sequence of pVEErep/C1/Pac
(SEQ ID NO: 7), FIGS. 8I-8K shows sequence of pVEErep/
C2/Pac (SEQ ID NO: 8), FIGS. 8L-80 shows sequence of
pVEErep/C-prM-E/Pac (SEQ ID NO: 9), FIGS. 8P-8R shows
sequence of pVEErep/C2opt/pac (SEQ 1D NO: 10), FIGS.
85-8V shows sequence of pVEErep/Copt-prM-E/Pac (SEQ
ID NO:11).

FIG. 9 shows a schematic representation of overlapping
regions of RepliVAX and the VEE replicon used to provide C
in trans. " Thirty-six mutations were inserted into the VEErep/
pac-Ubi1-C* to minimize homologous recombination with the
fragment of C encoded by the RepliVAX genome. “Position
of 5" and 3' CS sequences in the RepliVAX genome.

FIG. 10 shows side by side comparison of infectious foci
produced in the C-expressing cell line {BHK(VEErep/Pac-
Ubi-C*)} by WN RepliVAX at passage 0 (from electropora-
tion) and passage 10 reveals that better-growing variants are
readily selected.

FIG. 11 shows titration of RepliVAX PIV produced in
WHO-certified Vero cells containing a C-expression cassette
(VEErep/Pac-Ubi1-C*). Although the resulting PIV 1s of a
slightly lower titer than that produced 1n BHK cells, the Vero
cells multiple harvests of high titer PIV, which 1s not possible
with BHK cells.

FIGS. 12A-12B show cyclization mutants. FIG. 12A
shows replication of WNV/IRES-RLuc replicon with single-
base, matching CS mutations demonstrates that some single-
base mutations replicate at WT levels. Left part of panel
shows the test genome above the 5" and 3'CS sequences. Right
side shows replication levels detected using Rluc reporter, as
a percentage of the WT replication levels. Underlined bases
denotes mutated bases. F1G. 12B shows replication of WNV/
IRES-RLuc replicon with matching the double-base changes
(m17) dertved by combining m10 and m13 (Panel A), com-
pared to replication levels detected with mutants that combine
the WT and mutated CS in either possible format, along with
a mutant designed to produce an inactive polymerase (nega-
tive control). Left part of panel shows the test genome above
the 5'and 3' CS sequences. Right side shows replication levels
detected using Rluc reporter, as a percentage of the WT rep-
lication levels. Underlined bases denotes mutated bases. *
denotes no replication detected.

DETAILED DESCRIPTION OF THE INVENTION

Safe and effective vaccines have only been produced for a
handful of diseases caused by flaviviruses. The classical inac-
tivated viral vaccine (INV) and live-attenuated vaccine (LAV)
methods that have been used to produce vaccines to YF, JE,
and TBEV have not yet yielded licensed products to prevent
diseases caused by other flaviviruses, notably dengue and

West Nile encephalitis (WNE). There remain safety concerns
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about existing LAV's (residual virulence or reversion to viru-
lence) and INV products (reactogenicity due to antigen load
and adventitious antigens). Additionally, INVs usually
require multiple vaccinations. Further, both types of vaccines
are subject to production concerns, including the need to
avold reversion to virulence during propagation of live-at-
tenuated vaccine, and due to the amounts of material needed
to produce strong immune responses to the iactivated viral
vaccine products and the need for high containment facilities
to propagate the virulent viruses used to produce INV prod-
ucts. Although there are promising candidates for new types
of flavivirus vaccines, the road to their development will need
to overcome these problems.

The present invention 1n general, 1s drawn to construction
and uftilization of replication-deficient pseudointective
viruses belonging to the Flaviviridae family. In this regard,
the present invention describes the development a new type of
replication-deficient flaviviruses also referred to as
RepliVAX that combines the safety of inactivated vaccines
with the efficacy and scalability of live attenuated vaccines.
These flaviviruses also 1dentified as pseudo-infectious
viruses (PIVs) in the present invention contain genetically
engineered flavivirus genomes with a deletion of most of the
capsid (C)-encoding region, thereby preventing this genome
from producing infectious progeny in normal cell lines or
vaccinated amimals. However, these pseudo-infectious
viruses can be propagated in cell lines expressing either C, or
a C-prM-E cassette, where they replicate to high levels. Thus,
these pseudoinfectious flaviviruses cannot develop spreading
infection 1n normal cells m vitro or 1n vivo due to lack of
trans-complementation by C protein, and therefore are 1nca-
pable of causing disease 1n animals.

In contrast to the vaccines and the methods to generate
these vaccines that are known 1n the art, the present invention
provides a system for industrial-scale production of pseudo-
infectious flaviviruses that would make such wvaccines
cheaper to produce than 1nactivated vaccines at the same time
making it safer to use than live-attenuated vaccines. It does so
by providing a new type ol recombinant vaccine that 1s
capable of only single round of replication in the immunized
amimals or humans leading to release of subviral particles
(SVPs) lacking the genetic matenal but serving as efficient
Immunogens.

The present invention has demonstrated that pseudoinfec-
tious tlaviviruses can be generated for either yellow fever
virus (YFV) or West Nile virus (WNV). Based on this, the
present mvention contemplates that the method described
herein could be broadly applicable to the development of
vaccines against other flaviviruses. Further, infection of nor-
mal cell lines with such pseudoinfectious tlaviviruses pro-
duced SVPs that lacked nucleocapsid and a genetic matenal.
The pseudointectious tlaviviruses described herein demon-
strated 1nability to cause any disease and thus were safe.
Additionally, these pseudointectious flaviviruses were immu-
nogenic 1 mice due to competency for single round of rep-
lication and release of SVPs, presenting viral antigens. WN
PIVs also protected mice from a lethal encephalitis following
challenge with WNV.

The PIVs described herein could be produced 1n a manner
that allows for high-yield production i cell culture, and
inability to cause disease 1n animals. These products could be
delivered to animals where their defective replication process
prevents spread and disease, but permitted the production of
SVPs, a flavivirus subunit immunogen that has been shown to
be effective 1n eliciting an efficacious immune response
against disease caused by several flaviviruses.
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The present invention also demonstrated that the pseudo-
infectious flaviviruses approach could be applied to two dis-
tantly related mosquito-borne flaviviruses. The applicability
of a sitmilar technology to the development of RNA-based
vaccines for a tick-borne flavivirus (Kofler, 2004 ) indicates
that the PIV-based technology will be applicable to more
distantly related flaviviruses. Additionally, the work with
TBEYV RNA-based vaccines indicates that 1n addition to anti-
body responses to the SVPs (similar to that described herein),
the introduction of replicationally active flavivirus genomes
into the cells of the vaccinated hosts will produce T-cell
responses as well (Kofler, 2004; Aberle, 2005). Although the
T cell responses were not measured herein, 1t 1s contemplated
that the PIVs are capable of inducing T cell response that
mimics those produced by viral infection.

Although the PIV vaccines described herein rely on the
same tlavivirus replication and SVP production strategy that
was utilized by the RNA-based vaccines prepared for TBEV
(Kofler, 2004; Aberle, 2005), these PIV vaccines do not
require gene-gun delivery to animals, can be readily grown in
cell cultures, and can subjected to the same types of stabili-
zation and storage (Ireeze drying) conditions currently being
applied to the commercially produced YFV 17D vaccine, thus
providing a scalable, storable, and marketable vaccine prod-
uct. Preliminary studies on stability of WN RepliVAX have
shown that freeze-dried preparations show no detectable loss
in titer when stored for 30 days at 4 C.

To develop the high-level growth conditions required for
eilicient trans-complementation (and hence yield) of pseudo-
infectious flaviviruses, the present invention utilized cells
expressing high levels of C (or C-prM-E) from VEEYV repli-
cons. VEEV replicons are less cytopathic than the rephcons
derived from other alphaviruses and readily establish persis-
tent replications 1n some cell lines of vertebrate and 1nsect
origin. This system appears to be suitable for production of
pseudoinfectious flaviviruses, since 1) VEEV replicons are
highly efficient 1n synthesis of heterologous proteins and, in
the present invention synthesized C to the level required for
flavivirus genome incapsidation. 11) VEEV replicons do not
detectably interfere with flavivirus replication (Petrakova,
20035). Moreover, VEE replicons and the YF PIV genomes
can replicate together in BHK-21 cells without causing CPE.
111) VEEYV replicons can be packaged at high-titers into VEE
virions that can be used for rapid establishment of the pack-
aging cell lines producing tlavivirus structural protein(s).

Furthermore, examination of the eff

.L

ect of context of C
expression on yield of PIV indicated that the packaging cells
expressing anchored form of C with an additional 20 a.a. of
prM produced more particles than cells expressing anchored
C alone, suggesting the importance of the proper sequence of
processing events in virtons formation. The basis for the
enhanced packaging efficiency by the construct containing
the first 20 amino acids of prM 1s unclear but this phenom-
enon might be explained by a requirement of specific order of
cleavage at the two nearby cleavage sites (NS2B/NS3- and
signal peptidase-specific) (Yamshchikov and Compans,
1994) and/or differences 1n distribution/stability of C protein
products 1n these two different contexts. In addition, 1t was
observed that co-expression of C with prM and E (VEErep/
C-prM-E/Pac) caused only minor increase in PIV yield com-
pared to VEErep/C2/Pac, which expressed anchor C with the
fragment of prM.

When the codon-optimization of the VEEV replicon-en-
coded C genes was examined to determine 11 this alteration of
the C gene sequence enhanced yield of PIV, 1t did not reveal
a strong difference 1n YFV PIV release from the cells not
expressing a codon-optimized C gene. This observation sug-
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gested that even with the non-optimized gene VEEV repli-
cons appear to produce C at a saturating level. These results
were consistent with other studies demonstrating that the cell
lines that expressed VEEV replicons encoding the WNV C-E
cassette produced level of E greater than those detected 1n
WNV-infected cells. Despite the nability of the trans-ex-
pressed optimized C gene to increase vield of YF PIV, the
cells harboring the VEEV replicon expressing Copt devel-
oped CPE and produced plaques when infected with YF PIV.
This made a PIV infection 1n the Copt cells even more similar
to infection developed by replication-competent virus. An
additional advantage of the use of VEEYV replicons encoding
a YFV Copt gene 1n pseudointectious flavivirus production
was the level of safety, since the changes in the codons
reduced the chance of homologous recombination with the
pseudoinfectious flavivirus genome. Furthermore, the Copt

gene was also altered 1n 1ts cyclization sequence (as described
herein for the WNV C coding region 1n the BHK(VEErep/
C*-E*-Pac) cells), to reduce the chance of the recombination
producing a replicationally active C-encoding flavivirus. To
date, neither the WN nor YF PIV systems described herein
have produced replicationally active tlaviviruses that could be
detected 1n either cell culture, or 1n highly susceptible ani-
mals. Additionally, 1n vivo experiments demonstrated that
both YF and WN PIVs were safe and could not cause any
disease even afteri.c. inoculation of 3- to 4-day-old mice with
the highest dose of the PIVs. Nevertheless, WN PIVs were
capable of inducing high levels of neutralizing antibodies and
protected mice against infection with replication competent
WNV.

Furthermore, Hepatitis C ranks with AIDS as a major
infectious cause ol morbidity and mortality for which no
vaccine 1s currently available. In Japan and Korea, HCV now
exceeds hepatitis B 1n contributing to the development of
hepatocellular carcinoma, one of the most common types of
cancer and a common mode of death due to liver disease. This
pattern 1s likely to become increasingly common in other
Asian countries and elsewhere 1n the developing world, due to
the increasing prevalence of HCV coupled with effective
immunization against hepatitis B. In some communities in
Egypt and elsewhere, the prevalence of hepatitis C infection
1s spectacularly high, likely due at least in part to traditional
health care practices and/or the introduction of dangerous
Western technologies 1n the past (e.g., needle-borne transmis-
sion ol the virus during public health campaigns directed
against schistosomiasis).

In many developing countries, where rates of liver cancer
and cirrhosis are high, there 1s little effective control of hepa-
titis C during blood transtusion. Hepatitis C 1s also a major
public health problem within the United States, where there
are approximately 4 million carriers of HCV, many of whom
are at risk of death due to end-stage liver disease or liver
cancer. Currently 1t 1s estimated that there are between 8,000
and 10,000 deaths annually due to hepatitis C in the United
States. This number 1s likely to triple over the next 10-20
years, potentially exceeding the number of deaths due to
AIDS, 1n the absence of new therapeutic or preventive mea-
Sures.

Yet, no vaccine 1s available for prevention of this infection,
and eil

orts (both national and international) to develop a
vaccine are severely limited due to perceived technical diifi-
culties, little interest 1n vaccine development generally on the
part of big pharma, and the inertia of major funding agencies.
And, as with many infectious diseases, 1t 1s the disadvantaged
who are at greatest risk of serious liver disease or death due to
hepatitis C.
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To date attempts to create an effective vaccine against HCV
infection have been unsuccessful. However, within last few
years, the HCV field started to rapidly develop, and now this
virus replicates in tissue culture to reasonably high titers,
approaching 10° inf.u/ml. There is a number of obvious simi-
larities between the HCV genome and the genomes of other
flaviviruses, like YFE, JEV, TBE and others. Therefore, the
strategy of designing replication-deficient tlaviviruses can be
applied not only to the members of the Flavivirus genus, but
to Hepacivirus genus (that include HCV) as well. The HCV
capsid protein can produced by recombinant alphavirus rep-
licons (based on SINV, VEEV EEEYV and others) 1n a number
of cell lines, mcluding Huh-7 and Huh-7.5 cells that are
currently known to be susceptible to HCV infection. Repli-
cation-deficient HCV genomes, lacking the capsid gene can
be transtected into the capsid-producing cell lines and will be
packaged into infectious, capsid-containing particles. The
successive rounds of infection required for the large-scale
production, can be performed on these cells as well. However,
in vivo, 1n the naive hepatocytes (and possibly other cell
types), the HCV genomes lacking the complete capsid gene
or no capsid gene at all, will produce only the nonstructural
viral proteins, and glycoproteins E1 and E2. These proteins
will be presented to immune system 1) after proteasome deg-
radation; 11) on the cell surface and 111) in the form of virus-like
particles with E1- and E2-containing envelope. Capsid defi-
ciency will make virus incapable of spreading, and thus lim-
ited to the cells infected by the vaccinating dose.

In summary, the present invention demonstrated that
capsid-deficient, pseudointectious flaviviruses 1) could pro-
duce a spreading infection 1n the cell lines expressing capsid
or all of the flavivirus structural genes; 11) PIVs were inca-
pable of producing spreading infection in normal cells, (111)
PIVs produced E protein containing SVPs when they infected
normal cells; (1v) PIVs displayed a high level of safety in the
ammals; (v) PIVs protected the mice from subsequent tlavivi-
rus infection. Taken together, the present mvention demon-
strated that flavivirus PIVs might be a safe, potent, and eiffi-
cacious platform for development of vaccines against
flavivirus infections and infections caused by viruses similar
to Favivirus.

The present invention 1s directed to a replication-deficient
pseudoinfectious Flaviviridae, comprising: a deletion in the
nucleotide sequence encoding capsid (C) protein such that the
deletion does not disrupt the RNA sequence required for
genome cyclization, the signal sequence for prM protein that
1s required for the proper maturation of prM/M or a combi-
nation thereof, where the Flaviviridae replicate only in cells
expressing Cprotein or C, prM, envelope protein, mutated C
protein, mutated prM, mutated envelope protein or combina-
tions thereof of a virus of the Flaviviridae family. Generally,
the Flaviviridae comprises a virus belonging to the genus
tlavivirus, Hepacivirus or Pestivirus or other chimeras of said
viruses created by exchanging the prM-E cassettes of other
viruses with the prM-E cassettes of the pseudoinfectious Fla-
viviridae. The examples of the viruses belonging to the genus
Flavivirus are not limited to but may include yellow fever
virus, West Nile virus, dengue virus, tick-borne encephalitis
virus, Saint Lous encephalitis virus, Japanese encephalitis
virus, Murray Valley encephalitis virus. Furthermore, the
example of the virus belonging to the genus Hepacivirus
includes but 1s not limited to Hepatitis C virus and those
belonging to the genus Pestivirus include but are not limited
to Bovine virus diarrhea, a swine fever virus or a hog cholera
VIrus.

In case of flavivirus, the nucleotide sequence encoding the

C protein of the Flavivirus that 1s deleted may encode amino
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acids 26 to 100 or a combination of amino acids within amino
acids 26 to 100 of the C protein. Such combinations may
include but are not limited to amino acids 26-93, 31-100 or
31-93. One of ordinary skill in the art can use the same
guidelines to delete nucleotide sequence of C protein from
other viruses belonging to the Flaviviridae family or other
viruses having the same genetic makeup as these viruses. In
general and applicable to all the viruses, the deleted gene 1s
replaced by a gene encoding a marker protein or an antigen.
The example of a marker protein may include but 1s not
limited to a green fluorescent protein.

The present mvention 1s also directed to a cell culture
system expressing C protein or C, prM, envelope protein,
mutated C protein, mutated prM, mutated envelope protein or
combinations thereol of a virus of the Flaviviridae family,
elfective to enable propagation of the above-described repli-
cation-deficient Flaviviridae under suitable conditions. For
this purpose, the cells expressing wild type or mutated pro-
teins of the Flaviviridae may be generated using genetically
engineered replicons derived from viral vectors.

In general, the gene encoding the protein(s) of the virus of
the virus Flaviviridae family 1n the replicon 1s replaced by a
codon-optimized version of the gene encoding the protein(s)
of the virus such that the replacement reduces the ability of
the cell line-encoded genes to recombine with the genome of
the pseudoinfectious virus of the Flaviviridae family and/or
increases the production of the pseudoinfectious virus of the
Flaviviridae family.

For instance, such replicons may express a C protein that
comprises mutations in at least 36 nucleotide positions of the
gene encoding C protein of the virus of the Flaviviridae fam-
ily. The replicon may express a C protein in the replicon that
comprises unnatural cyclization sequences such that presence
of the cyclization sequences reduces the chances of produc-
tive recombination of the replication-deficient pseudoinfec-
tive virus with natural viruses. Further, the replicon may
express proteins comprising altered nucleotide sequences
encoding truncated C-prM junction such that presence of
such altered sequences enhances vyield of the replication-
deficient pseudoinfective virus in cell culture, prM/E contain-
ing SVP yield 1in vivo or a combination thereof.

Furthermore, the replicons expressing the proteins of Fla-
viviridae are mtroduced into the cells by transfection with in
vitro synthesized replicon RNAs, by transfection with plas-
mid DNAs designed to synthesize functional alphaviral rep-
licons from cellular RNA-polymerase 11-specific promoters
or by infection with alphaviral replicons packaged 1nside the
alphaviral structural proteins. The viral vectors used herein
may be alphaviruses. Representative examples of such
alphaviruses are not limited but may include Venezuelan
Equine Encephalitis Virus (VEEV), Sindbis virus, Eastern
Equme Encephalitis virus (EEEV), Western Equine Encepha-
lit1s virus (WEEV) or Ross River virus.

The present invention is further directed to a method of
producing a replication-deficient pseudoiniectious virus of
the Flaviviridae family, COIIlpI‘l sing; generating a replication-
deficient pseudoinfectious virus of the Flaviviridae family
that comprises a deletion i the capsid gene such that the
deletion does not disrupt the RNA sequence required for
genome cyclization, the signal sequence for prM protein that
1s required for the proper maturation of prM/M or a combi-
nation thereof; generating a cell line that expresses C protein
or C, prM, envelope protein, mutated C protein, mutated prM,
mutated envelope protein or combinations thereof of a virus
of the Flaviviridae family, where the cell line provides high
levels of the proteins needed for propagation of the replica-
tion-deficient pseudointectious virus of the Flaviviridae fam-
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1ly; and infecting the cell line with the pseudoiniectious virus
of the Flaviviridae family, thereby producing the replication-
deficient pseudoinfectious virus of the Flaviviridae family.
All other aspects regarding the types of viruses, the position
of deletions 1n the capsid gene, the method of generation of
the cell line expressing the mutated and wild type proteins of
the Flaviviridae, the type of replicons and the mutations
within the replicons and the modifications in the gene encod-
ing the mutated and wild type proteins of the Flaviviridae 1in
the replicons are the same as discussed supra.

The present invention 1s also directed to a pharmaceutical
composition, comprising the replication-deficient pseudoin-
tectious virus of the Flaviviridae family produced by the
method described supra. The present mmvention 1s further
directed to a method of protecting a subject from infections
resulting from exposure to Flaviviridae, comprlsmg admin-
istering to the subject an immunologically effective amount
of the pharmaceutical composition described herein, where
the composition elicits an immune response against the Fia-
viviridae 1n the subject, thereby protecting the subject from
the infections. Such a composition may be administered via
intraperitoneal, intradermal, subcutaneous, tramuscular,
oral, or intranasal route. Furthermore, the subject benefiting
from use of this composition may be a human, or an animal.

As used herein, the term, “a” or “an” may mean one or
more. As used herein 1n the claim(s) when used 1n conjunc-
tion with the word “comprising”, the words “a” or “an” may
mean one or more than one. As used herein “another” or
“other” may mean at least a second or more of the same or
different claim element or components thereof. As used
herein, the term, “Flaviviridae” includes the genera Flavivi-
rus, Hepacivirus and Pestivirus. The examples of virus
belonging to the genus Flavivirus include but are not limited
to yellow fever virus, West Nile virus, dengue virusm a tick
borne encephalitis virusm a Saint Louis encephalitis virus, a
Japanese encephalitis virus or a Murray Valley encephalitis
virus, Similarly, the example of virus belonging to the genus
Hepacivirus includes but 1s not limited to Hepatitis C virus
and those belonging to the genus Pestivirus include but are
not limited to Bovine virus diarrhea, a swine fever virus or a
hog cholera virus.

Furthermore, although the present invention discloses the
construction and utility of a replication-deficient pseudoin-
tectious Flaviviridae belonging to the genus Flavivirus, one
of ordinary skill 1n the art can use the same guidelines to
construct chimeras comprising other viruses belonging to the
Flaviviridae or to construct chimeras by exchanging the
prM-E cassettes of viruses within the Flaviviridae or other
similar viruses and the viruses within the Falviviridae.

The pharmaceutical compositions comprising the pseudo-
infectious viruses belonging to the Flaviviridae family dis-
cussed herein may be administered concurrently or sequen-
tially with each other or with other pharmaceutical
composition(s). The effect of co-administration of such com-
positions 1s to protect an individual from the infections caused
by such viruses and other vaccine-treatable disease. The com-
position described herein, the other pharmaceutical compo-
sition, or combination thereof can be administered indepen-
dently, either systemaically or locally, by any method standard
in the art, for example, subcutaneously, intravenously,
parenterally, intraperitoneally, intradermally, intramuscu-
larly, topically, enterally, rectally, nasally, buccally, vaginally
or by inhalation spray, by drug pump or contained within
transdermal patch or an implant. Dosage formulations of the
composition described herein may comprise conventional
non-toxic, physiologically or pharmaceutically acceptable
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carriers or vehicles suitable for the method of administration
and are well known to an individual having ordinary skill 1n
this art.

The composition described herein, the other pharmaceuti-
cal composition or combination thereof may be administered
independently one or more times to achieve, maintain or
improve upon a therapeutic effect. It 1s well within the skill of
an artisan to determine dosage or whether a suitable dosage of
cither or both of the compositions comprises a single admin-
istered dose or multiple administered doses. An appropriate
dosage depends on the subject’s health, the protection of the
individual from flaviviral infections, the route of administra-
tion and the formulation used.

The following examples are given for the purpose of 1llus-
trating various embodiments of the mvention and are not
meant to limit the present invention in any fashion. One
skilled 1n the art will appreciate readily that the present inven-
tion 1s well adapted to carry out the objects and obtain the
ends and advantages mentioned, as well as those objects, ends
and advantages inherent herein. Changes therein and other
uses which are encompassed within the spirit of the invention
as defined by the scope of the claims will occur to those
skilled 1n the art.

Example 1
Cell Cultures

The BHK-21 cells were provided by Paul Olivo (Washing-
ton University, St. Louis, Mo.). They were maintained at 37°
C. i alpha minimum essential medium (aMEM) supple-
mented with 10% fetal bovine serum (FBS) and vitamins.
WHO-certified Vero cells, originally prepared for use 1n
human vaccine manufacture were provided by Dr. Steve
Whitehead of the NIH. Vero cells were maintained in MEM
containing 6% FBS.

Example 2
Plasmid Constructs

Standard recombinant DNA techniques were used for all
plasmid constructions. A schematic representation of the
plasmids used are shown in FIGS. 7A-7F. Maps and
sequences are shown 1n FIGS. 8A-8F. The parental low-copy
number plasmid pACNR/FLYF-17Dx containing infectious
cDNA of YFV 17D strain genome was described elsewhere
(Bredenbeek et al., 2003) and provided by Dr. Charles M.
Rice (Rocketeller University, New York, N.Y.). pYFPIV con-
taimned defective YFV genome (YF PIV), in which fragment
encoding amino acid. 26-93 of YF capsid gene was replaced
by codon-optimized GFP gene derived from pEGFP-NI
(Clontech). The WN PIV genome (pWNPIV) was derived
from a Texas 2002 infectious cDNA (Ross1 et al., 2005), by
fusion of codon 30 of C to codon 101 of C (see FIG. 5A). The
plasmids pVEErep/C1/Pac, pVEErep/C2/Pac and pVEErep/
C-prM-E/Pac (FIG. 2A) encoded double subgenomic VEEV
rephcons in which the first subgenomic promoter was driv-
ing transcription of the RNAs containing 5'UTR of VEEV
265 RNA followed by sequences, corresponding to nt 119-
481, 119-541 and 119-2452 of YFV genome, respectively.
The second subgenomic promoter was driving the expression
of puromycin acetyltransierase (Pac) gene, whose product
was making cells resistant to translational arrest caused by
puromycin (Pur). Non-cytopathic VEEV replicons express-
ing the C-prM-E cassette of WNV {derived from a Sindbis
virus replicon (Scholle et al., 2004)} fused to the Pac gene
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(designated pVEErep/C*-E*-Pac) was created from a VEE
non-cytopathic replicon (Petrakova et al., 2003); E-coding
sequence was fused with Pac gene through a linker consisting
of the first 9 codons of NS1 and the last 25 codons of NS2B,
tollowed by 2 codons of NS3 fused directly to FMDYV 2 A (see
FIG.5A). The codon-optimized sequence encoding YFV 17D

capsid and first 20 amino acid of prM was designed using the
codon frequency data described elsewhere (Haas etal., 1996).
This gene was synthesized by PCR from the overlapping
synthetic oligonucleotides. The amplified fragment was
sequenced before cloning 1nto expression cassettes VEErep/
C2opt/Pac and VEErep/Copt-prM-E/Pac. The latter replicons
had essentially the same design as pVEErep/C2/Pac and
pVEErep/C-prM-E/Pac, but contained codon-optimized
sequence presented in FIG. 4A.

Additionally, a chimeric WN-RepliVAX expressing the
JEV prM-E has also been generated. This was constructed by
substituting the prM and E genes of Nakayama strain of JEV
in A RepliVAX encoding the WNV genome. The gene
exchange was achieved by direct fusion of the last codon of
the truncated WNV C protein to the first codon of the prM
coding sequence of JEV (Nakayama strain). The same fusion
strategy was employed at the 3' end of the cassette, with the
final codon of the JEV E protein fused directly to the first
codon of NS1 of WNV. These fusions were introduced 1nto a
BAC plasmid encoding the entire WN RepliVAX cDNA

bounded by a T7 promoter and a ribozyme, and RNA recov-

ered from this BAC DNA was itroduced into BHK(VEErep/
Pac-Ub1-C*) cells. The resulting RepliVAX (designated JE
RepliVAX) formed spreading infectious foc1 on BHK
(VEErep/Pac-Ubi1-C*). As for WN RepliVAX, the foci
tormed on this cell line are smaller than those produced by a
tully infectious WNV-JEV chimera. JE RepliVAX grows to
titers approximately 10 times lower than WN RepliVAX,
achieving titers of over 10° U/ml in BHK(VEErep/Pac-Ubi-
C*). As expected, JE RepliVAX reacts with JE-specific
MAbs, and 1t 1s anticipated that like chimeric flaviviruses, JE
RephVAX will induce high levels of JEV-neutralizing anti-

bodies, and protect against JE.

Example 3
RNA Transciptions

Plasmids were purified by centrifugation i CsCl gradi-
ents. Before the transcription reaction, the plasmids were

linearized by Xhol (for pYFPIV) or Mhul (for VEE replicon
and VEE helper encoding plasmids) or Swal (for pWNPIV).

RNAs were synthesized by SP6 or T7 RNA polymerase in the
presence of cap analog. The yield and integrity of transcripts
were analyzed by gel electrophoresis under non-denaturing
conditions. Aliquots of transcription reactions were used for
clectroporation without additional purification.

Example 4
RNA Transfections and PIV Replication Analysis

Electroporation of BHK-21 cells was performed under
previously described conditions (Liljestrom et al., 1991). For
establishing packaging cell cultures, Pur was added to the
media to a concentration of 10 g/ml 24 h post electroporation
of the VEEV replicons. Transfection of 1n vitro-synthesized
YF PIV genome was performed 5 days later, when replicon-
containing cells resumed efficient growth. Samples were har-
vested at the time points indicated in the figures by replacing,
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the media with the same media, containing Pur. In many
experiments, PIV-secreting cells were split upon reaching the
confluency.

VEEV replicons were packaged into VEEV 1nfectious viri-
ons by co-electroporation of the 1n virto synthesized replicon

and 2 helper RNAs (Volkova et al., 2006) into BHK-21 cells.

Replicon-containing viral particles were harvested 24 h post
transiection and used for infecting of naive BHK-21 cells,
followed by Pur selection. In the case of WN PIV, the 1n
vitro-synthesized PIV RNA was transiected into BHK cells
containing VEErep/C*-E*-Pac replicon expressing WN C,
prM and E and Pac [BHK(VEErep/C*-E*-PAC) cells]. THE
scheme of the VEErep/C*-E*-PAC genome 1s presented 1n

FIG. SA. Harvested PIVs were passaged on these cells using
standard methods (Rossi1 et al., 2005).

Example 5
Measuring the Titers of YF PIV

For measuring the titers of released YF PIV, BHK-21 cells
were seeded 1nto six-well Costar dishes at a concentration of
5x10° cells/well. Four hours later, cells were infected with
different dilutions of packaged replicons, and after 1 h 1ncu-
bation at 37° C. i an 3% CO, incubator, they were overlaid
with 2 ml of MEM supplemented with 10% FBS. The num-
bers of infected cells were estimated by counting GFP-posi-
tive cells under an mverted UV microscope. The fraction of
infected cells from the seed quantity was determined via
counting of fluorescence-producing cells 1n a defined area of
microscopic field. Counts for 5 different fields were averaged
and recalculated for the titer corresponding to each serial
dilution.

In the later experiments, titers were also measured by
plaque assay on the monolayers of BHK-21 cells, carrying
VEErep/Copt-prM-E/Pac  replicon, using prewously
described conditions (Lemm et al., 1990), except cells were
incubated under agarose for plaque development for 5 days,
then fixed by 2.5% formaldehyde and stained with crystal
violet.

Example 6
Passaging of YF PIVs

Packaging cell lines were established either by transfection
of the 1n vitro-synthesized VEEV replicon RNAs or by infect-
ing cells with the same replicons packaged into VEEV struc-
tural proteins at a multiplicity of infection (MOI) of 10 inf.u/
cell. After Pur selection, they were infected with YF PIV at
different MOIs. Samples were harvested at the time points
indicated in the figures by replacing the media.

Example 7
Analysis of YF SVP Production

BHK-21 cells were seeded at a concentration of 2x10° per
100-mm dish. After 4 h incubation at 37° C., cells were

infected with YF PIV at an MOI of 10 inf.u/cell, and then
incubated for 24 h in 10 ml of MEM supplemented with 10%
FBS. Then the medium was replaced by 10 ml of serum-iree
medium VP-SF (Invitrogen) that was replaced every 24 h to
analyze SVP release. The collected VP-SF samples were
clanfied by low-speed centrifugation (5,000 r.p.m, 10 min, 4°
C.), and then concentrated by ultracentrifugation through 2
ml of 10% sucrose, prepared on PBS, in SW-41 rotor at
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39,000 r.p.m, 4° C. for 6 h. Pellet material was dissolved in the
loading buffer tor SDS-polyacrylamide gel electrophoresis,
lacking b-mercaptoethanol (to preserve binding to D1-4G2
MAB) and further analyzed by Western blotting. After protein
transter, the nitrocellulose membranes were processed by
D1-4G2 MAB, and horseradish peroxidase (HRP)-conju-
gated secondary donkey anti-mouse antibodies purchased
from Santa Cruz Biotechology. HRP was detected using the
Western Blotting LLuminol Reagent according to the manufa-
curer’s recommendations (Santa Cruz Biotechnology). To
obtain positive control sample, YFV (2x10° PFU) was sub-
jected to ultracentrifugation through 10% sucrose cushion as
described above for SVPs.

For sucrose density gradient analysis of YFV SVPs, BHK-
21 cells were electroporated with the 1n vitro synthesized YF
PIV genome RNA. At 24 hours post-transiection, the com-
plete MEM was replaced by VP-SF medium, which was
harvested 24 hours later. At this time, more than 95% of the
cells were GFP-positive and did not exhibit any signs of CPE.
The harvested sample was clarified by low-speed centrifuga-
tion (5000 rpm, 10 min, 4° C.) and then concentrated by
overnight centrifugationina SW-28 rotor at 25,000 rpm, 4° C.
The resulting pellet was suspended 1n TN butler (10 nm Tris
HCl (pH7.5), 100 mM NaC(l, 0.1% BSA) and further analysis
was performed as described (Schalich et al., 1996).

Brietly, 0.5 ml samples were loaded 1n to the discontinuous
sucrose gradient (1.5 ml of 50%, 1.5 ml of 35% and 1.5 ml of
10% sucrose prepared in PBS buifer). Centrifugation was
performed 1n SW-55 rotor at 45,000 rpm at 4° C. for 1 h in
Optima MAX Ultracentrifuge (Beckman). Pellets were dis-
solved 1 the loading buifer for SDS polyacrylamide gel
clectrophoresis, lacking b-mercaptoethanol (to preserve
binding to D1-4G2 MAB) and further analyzed by Western
blotting. After protein transter, the nitrocellulose membranes
were processed by D1-4G2 MAB and horseradish peroxidase
(HRP)-conjugated secondary donkey anti-mouse antibodies
purchased from Santa Cruz Biotechnology. HRP was
detected using Western Blotting Luminol Reagebbr accord-
ing to the manufacturer’s recommendation (SantaCruz Bio-
technology). Side by side gradient analyses were performed
with YFV (2x10° PFU), subjected to the same procedures as

described above for YFV-PIV derived SVPs.

Example 8
Analyses of WN PIV

Titers of WN PIV were determined by infecting Vero cell
monolayers with serial dilutions of virus, and then fixing 24
hours later and immunohistochemically staining with a poly-
clonal hyperimmune mouse ascite fluid specific for WNV, as
previously described (Rossi et al., 2005). Infected cells were
enumerated and used to determine the titer. To evaluate the
ability of WN PIV {for foc1 formation on Vero cells or the
BHK(VEErep/C*-E*-PAC) cells, monolayers were infected
with dilutions of WN PIV, overlaid with a semisolid traga-
canth overlay, incubated at 37 C, and then fixed and stained
with a MAB specific for WNV NS1 (provided by E. Konishi,

Kobe, Japan), as described above.

Example 9
PIV Safety Studies

PIV safety was established by inoculation of different
doses of virus (YFV 17D or WNV TXO02 recovered from

parental infectious cDNAs) or PIV into 3- to 4-day-old mice
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(outbred Swiss Webster, Harlan) by the intracramal (1.c.)
route (20 ml volume), or 4-5 week old female mice (outbred
Swiss Webster, Harlan) by the intraperitoneal (1.p.) route (100
ml volume). Mice were monitored for 14 days for signs of
disease and death, amimals that were moribund, and appeared
to be unable to survive until the next day were humanely
cuthanized and scored as “dead” the following day.

Example 10

WN PIV Potency and Efficacy Studies

Selected animals moculated with WN PIV as described
above were euthanized and bled at 21 days post inoculation.
Sera were harvested from the animals, pooled, and tested for
their ability to reduce WNV {focus formation on Vero cell
monolayers using the methods described above. The remain-
ing animals were mnoculated with 1,000 inf.u (determined by
focus-forming assay on Vero cells), corresponding to
approximately 100 LD., ol the NY99 strain of WNV (Xiao et
al., 2001), and animals were then observed for an additional
14 days as described above.

Example 11

Both YFV C- and YFV C-prM-E-Expressing
Cassettes can Complement Replication of YFV PIV

The general strategy for complementation of a C deletion
defect 1n the flavivirus genome 1s presented FIG. 1. It 1s based
on development of genomes lacking the C gene, and propa-
gation ol these pseudoinfectious wviral genomes (PIV
genomes) 1n cells expressing C (or all of the viral structural
proteins), but not in normal cells. Replication in the latter
cells, producing no viral structural proteins required for trans-
complementation of the defect in PIV genome, leads to
release of SVPs containing the critical protective immunogen
E, but lacking the nucleocapsid contaiming C and the viral
genetic material.

A recombinant YFV genome (YF PIV genome) was engi-
neered to contain GFP 1n place of amino acid 26-93 of C,
cloned in-frame with the rest of the polypeptide (FIG. 2A).
The expression of GFP provided a convenient way of deter-
mining the titers of genome-containing PIVs 1n the experi-
ments. The deletion 1n the C-coding sequence from this PIV
genome was expected to destroy the ability of C to form a
functional nucleocapsid, but 1t was not expected to aifect
production of functional forms of prM and E. Thus, cells
expressing this genome, which produced GFP fluorescence
could not release infectious virus. However, infectious prog-
eny was expected to be produced from “packaging™ cells
expressing high levels of C.

For rapid development of the cell lines for efficient PIV
production, the Venezuelan equine encephalitis virus
(VEEV) genome-based expression system (replicons ) (Petra-
kova et al., 2005) was used. VEEV replicons are less cyto-
pathic than replicons derived from other alphaviruses and
readily establish persistent replication in some cell lines of
vertebrate and insect origin. The expression cassettes were
designed as double subgenomic constructs (FIG. 2B), 1n
which one of the subgenomic promoters was driving the

expression of Pac, providing an eificient means to eliminate
cells 1n the transiected cultures that do not contain the Pac-
expressing VEEV replicon. The second subgenomic pro-
moter was driving the transcription of subgenomic RNA
encoding YFV structural proteins. To identify the most eifi-

cient packaging cassettes, VEEYV replicons encoding either 1)
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YFV C with the signal peptide of prM, also known as
anchored C (Lindenbach and Rice, 2001), (VEErep/C1/Pac),

or 1) C with the signal peptide and 20 amino acid of prM
(VEErep/C2/Pac), or 111) all of the YFV structural proteins
(VEErep/C-prM-E/Pac). The rationale of the design was to
retain the signal peptide 1n the C-coding cassettes that was
expected to be essential for targeting C 1nto proper cellular
compartment.

The 1n vitro-synthesized VEEV replicon RNAs were trans-
fected into BHK-21 cells and the Pur” stable cell lines were
selected over the next 4-5 days in the Pur-containing medium.
During the first 2-3 days post transfection, replication of
VEEV-derived RNAs caused growth-arrest, then, as
described our previously (Petrakova et al., 2003), replication
became less efficient and cells resumed their growth. The
resulting Pur”™ cultures were transfected with the in vitro-
synthesized YF PIV RNAs, and at different times post trans-
fection, titers of the released infectious particles, containing
GFP-expressing genomes were determined (FIG. 2C). Sur-
prisingly, the presence of two different replicating RINAs
(YFV- and VEEV-specific) in BHK-21 cells did not result 1n
cytopathic effect (CPE), and maintained both resistance to
Pur and expression of high level of GFP, indicating replica-
tion of both the VEEYV replicon and YF PIV RNA. As shown
in FIG. 2C, cultures expressing both of these marker genes
were capable of growing and required subpassaging (at ~1:3
ratio every 4 days) to prevent the cultures from reaching
confluency. The experiments shown 1n FIG. 2 demonstrated
that all three VEEYV replicons were capable of supplying YFV
C at levels sufficient for formation of infectious PIVs; no
infectious particles were released from the naive BHK-21
cells transfected with the YF PIV RNA in the absence of
VEEYV replicons (data not shown). However, cells expressing,
these packaging cassettes differed 1n their ability to produce
PIV. Constructs expressing YFV C followed by the prM sig-
nal peptide (anchored C; VEErep/C1/Pac) demonstrated the
lowest level of YF PIV RNA packaging, compared to cas-
settes expressing longer protein sequences. The basis for the
lower packaging efficiency 1s by the C1 construct 1s unclear,
but this phenomenon might be explained by a requirement for
a specific ordering of cleavage at the two nearby cleagage
sties (NS2B/NS3 and signal peptidase) (Yamshchikov and
Compans, 1994), and/or differences in distribution/stability
of the C protein produced 1n these two different contexts. of
the stability of this protein. Thus, after these experiments,
VEErep/C1/Pac was eliminated from all further experiments.
Both VEErep/C2/Pac and VEErep/C-prM-E/Pac replicons
packaged YF PIV to the similar titers approaching above 10’
inf.u/ml. Moreover, the release of PIV particles continued
until the experiments were terminated, with each cell releas-
ing ~20 infectious YF PIV per 24 h time period. The same
cells were probably also releasing prM/E-containing SVPs
lacking the nucleocapsid and genome, but this possibility was
not further investigated.

L_.L

LlJ

Example 12

YF PIVs with Detective Genomes can be Produced
at a Large Scale

The ultimate utility of PIV as vaccine candidates 1s depen-
dent upon the ability to produce these particles at the scales
needed, for instance, for commercial production. Reliance on
an RNA-based trans-complementation system (VEEV repli-
cons) for vaccine manufacture requires further standardiza-
tion since there 1s a possibility of accumulation of mutations

in the heterologous genes cloned mto genomes of RNA
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viruses. The use of low-passage cell lines, 1s one of the solu-
tions for overcoming this limitation. Alternatively, accumu-

lation of mutations 1n the VEErep genomes can be minimized
by repeated transiection of the replicon into naive cells, or by
production of packaged VEEYV replicons followed by infec-
tion of naive cells. The use of packaged VEE replicons was
considered to be one simple and efficient means for establish-
ing the packaging cell lines.

To efficiently produce PIVs, a technology that permits
production of alpha virus replicon expressing cell cultures in
previously packaged VEEV replicons was used. Brietly,
VEEV replicons were packaged into VEEV infectious virions
using previously described two-helper system (Volkova et al.,
2006), into preparations that contained titers approaching 10’
inf.u/ml. BHK-21 cells infected with these particles and
selected 1n the presence of Pur could be used to obtain YFV
structural protein-encoding cell cultures 1n 3-5 days. Follow-
ing establishment, the VEErep/C2/Pac- and VEErep/C-prM -
E/Pac-contaiming cell lines were infected with previously
generated samples of YF PIVs at high (10 inf.u/cell) and low
(0.1 inf.u/cell) MOIs. In all cases, the defective YFVs repli-
cated productively (see FIG. 3) and infected all of cells in the
monolayers producing high titers of PIVs. Thus, rapid estab-
lishment of packaging cell lines by infecting cells with pack-
aged VEEV replicons, followed by infection with PIVs
appears to be a simple and eflicient system a for large-scale
production of PIVs with the deleted C sequence in the
genome.

Example 13

.LJ

Production of YF PIVs Using VEE Replicons
Expressing Codon-Optimized Form of YFV C Gene

Another possible problem 1n using the packaging systems
to support replication of defective viruses 1s recombination
between the defective viral genomes and the RNAs encoding
the trans-complementing gene(s). Such recombination might
lead to generation of the infectious viruses. In the experi-
ments described herein, mntfectious YFV using a plaque assay
were never detected, but 1t was necessary to rule out the
possibility that live virus can be formed 1n these cells.

In addition, the proteins encoded by many arthropod-borne
viruses are expected to have evolved to utilize the transla-
tional machinery in two very different hosts. Thus, their
codon usage 1s not expected to be optimal for expression 1n
either host. Therefore, the C-coding sequence 1n the expres-
sion cassettes was modified to achieve two goals: 1) to
enhance the yield of C production and 11) to reduce possibility
of homologous recombination between YF PIV genome and
C-coding subgenomic RNA of VEE replicons. YFV C was
synthesized using the codon frequency found in the most
cificiently translated mammalian genes (FIG. 4A). These
silent mutations also disrupted the cyclization sequence
required for flavivirus genome replication, thus, reducing the
possibility of generating replication competent YFV 1n an
event of recombination between YF PIV genome and YFV
C-coding RNA of VEEV replicon.

The Copt gene was cloned mto VEErep constructs,
VEErep/Copt/Pac and VEErep/Copt-prM-E/Pac, using the
same strategy as VEErep/C2/Pac and VEErep/C-prM-E/Pac,
and trans-complementing Pur® cell lines were estabhshed
either by RNA transfection or by infecting the cells with
packaged RNAs. Transiection of these cells with the 1n vitro-
synthesized PIV genome RNA produced PIV with efficien-
cies that were similar to those selected with the cells express-

T 17

ing VEEV replicons expressing the non-optimized YFV C
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gene (FI1G. 4B). However, the cells expressing the codon-
optimized C proved to be a useful reagent in that they were

capable of developing CPE and forming clearly wvisible

plaques when infected with YF PIV and overlaid with agarose
containing media with low concentration of FBS (FIG. 4C).
Thus, although codon optimization of YFV C gene did not
alter PIV production from these cells, the cells expressing the
codon-optimized YFV C represent a very useful system for
evaluation of YF PIVs, particularly those expressing no fluo-
rescent markers. In additional tests, a very good correlation
was observed between the titers of the same samples deter-
mined 1n plaque-forming assays and GFP-foci1 assays.
Plaques formed by YF PIV were smaller than those of YFV
indicating that structural proteins were most likely produced
in c1s finctio more efficiently in viral particle formation. The
reason for attaining the ability to form plaques 1s not com-
pletely understood yet. However, it 1s speculated that YEV C
has some level of cytotoxicity because of cell lines containing,
VEEYV replicons expressing the codon-optimized version of
this protein demonstrated lower growth rates (data not
shown) than corresponding counterparts with replicon encod-
ing natural C gene. Thus, YF PIV genome replication might
lead to additional changes in the intracellular environment

[ 1

that were sufficient to cause CPE.

Example 14
PIVs can be Generated for Other Flaviviruses

To prove that PIVs can be easily generated for other fla-
viviruses, the strategy described above was applied to WNV,
To this end, a WN PIV genome with a 35-amino acid-long C
protein was created (FIG. SA). To package this WN PIV
genome, a packaging cell line generated by transfection of
BHK cells with a non-cytopathic VEEV replicon expressing
WNV C/prM/E and Pac [BHK(VEErep/C*-E*-Pac) was
used. To minimize the chance that recombination between
WN PIV genomes replicating in this cell line and the VEErep
RNA-encoded C protein could lead to generation of the infec-
tious WNV, the WNV C-coding gene in the VEEV replicon
was modified to contain clustered silent mutations in the
WNYV cyclization domain.

Media harvested from BHK (VEErep/C*-E*-Pac) cells
transiected with the synthetic WN PIV genome were capable
of producing antigen-positive foci in the packaging cells
(FIG. 5B) indicating that infectious WN PIV had been pro-
duced. However, only antigen-positive cells were detected
upon infection of Vero cell monolayers with same samples
(FIG. 5C). Titers of up to 1x10® inf.u/ml of WN PIV were
produced on the packaging cells, and as expected, WN PIV
could be repeatedly passed on this cell line. Thus, using an
established cell line, high titer stocks of WN PIV could be
readily obtained using the same complementation system
described above for YFV. Interestingly, 1n the case of the
WNYV packaging cell line and WN PIV, 1t was observed that
the virus yields plateaued late 1n infection, simultaneously
with the appearance of CPE (results not shown), whereas the
cells co-replicating YF PIV genome and VEEV replicons
continued to produce PIV for many days (FIG. 2).

Example 15
Cells Infected with YF or WN PIVs Produce SVPs

To demonstrate that cells infected with PIVs produced
SVPs, BHK-21 cells were either transtected with the 1n vitro-

synthesized YF PIV RNA or infected with YF PIVs produced
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in C-expressing cells. The particles released from the BHK-
21 cells were purified by ultracentrifugation, and analyzed by
western blotting using a mouse monoclonal antibody (MAB)
specific for E, D1-4G2 (Gentry et al., 1982). Both RINA-
transfected and PIV-infected cells produced E protein that
could be pelleted from the media (FIG. 6A), indicating that 1t
was present 1n a particulate form. Since these cells did not
exhibit any CPE, and the samples were clarified at low-speed
centrifugation prior to ultracentrifugation, it 1s unlikely that
the E protein detected in the pelleted fraction represented
cellular debris. Similarly, western blot analyses demonstrated

that Vero cells infected with the WN PIV produced (before

development of any signs of CPE) extracellular forms of E
that were indistinguishable 1n size from those produced by

WNV-infected Vero cells (FIG. 6B).

To further evaluate the physical nature of the E protein
released by PIV-infected cells, media collected from cells
containing replicating PIV genomes only were subjected to
sucrose density gradient analysis in agreement with pub-
lished data (Schalich et al., 1996). SVPs were found 1n the
fraction having 2% sucrose (FIG. 6C). In the same experi-
ment, YFV virions demonstrated high density and were
detected in the fraction with 42% sucrose. E protein-contain-
ing particles that migrate at the expected size of WNV SVPs
have also been detected 1n cultures infected with WNV PIVs.
The presence of E 1n the media of PIV-infected cells was
consistent with the production of SVPs by cells expressing
only prM/E or TBEV RNA vaccines lacking a functional C

gene.

Example 16

PIV Safety Potency, and Efficacy in Animals

Safety of WN and YF PIVs was established by 1.c. inocu-
lation of litters of 3 to 4-day-old mice. These studies showed
that mice moculated with WT YFV or WNV were quickly
killed, and these viruses displayed a 50-percent lethal dose
(LD.,) of approximately 1 PFU 1n these animals (Table 1).
However, WN and YF PIVs mnoculated into suckling mice at
a dose of 2x10° inf.u failed to kill any mice (Table 1). Safety
was further documented by 1.p. 1noculation of adult mice with
wild type (wt) viruses and WN PIVs. These studies showed
that the WN PIVs were completely satfe 1n adult mice (Table
2). Furthermore, wt WNYV killed a significant portion of adult
mice, with an LD, of less than 1 PFU, and doses of up to
3x10° inf.u of WN PIV failed to cause any death (Table 2).
Most 1nterestingly, however, 1s the finding that the WN PIVs
were very potent immunogens (NEUT titers were detected
with 1noculation of as few as 30,000 inf.u), and 100% of the
animals vaccinated with 3x10%, 3x10°, or 3x10° inf.u were
protected from a 100LD., challenge of the NY99 strain of
WNYV (Table 2).

TABLE 1

Safety of PIVs in suckling mice.
Inoculum® Dose (inf.u)? % Survival® Average survival time®
WN PIV 2,000,000 100 (9/9) NA®
WNV TX02 0.2 56 (5/9) 8.5 (+/-2.9)
WNV TX02 2 0 (0/9) 5.4 (+/-0.5)
WNV TX02 20 0 (0/8) 6 (+/-0)
WNV TX02 200 0 (0/10) 4.9 (+/-0.3)
YF PIV 2,000,000 100 (10/10) NA®
YEV 17D 0.2 89 (8/9) & (+/-0)
YEV 17D 2 56 (5/9) 7 (+/-0)
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TABLE 1-continued

Safety of PIVs in suckling mice.

Inoculum® Dose (inf.u)® % Survival® Average survival time?
YEFV 17D 20 11 (1/9) 6.9 (+/-2.4)
YEFV 17D 200 0 (0/12) 6 (+/-0)

“Inoculated preparation, diluted in culture media with 10% FBS

"Delivered by 1.c. route 1n a volume of 20 ml/ammal

“Survival at 14 days postinoculation (live/dead)

dAverage survival time from ammals that died from infection (standard deviation)
“Not applicable

TABLE 2

Safety, potency and efficacy of PIV in adult mice

Average

Dose % survival NEUT %
Inoculum® (inf.u)” Survival® time? titer®  Protection’
none 0 100 (8/8) NA® <1:40" 14 (1/7)
(diluent)
WN PIV 30,000 100 (10/10) NAf® 1:40 100 (8/8)
WN PIV 300,000 100 (10/10) NAS® 1:160 100 (8/8)
WN PIV 3,000,000 100 (10/10) NA# 1:160 100 (R/8)
WNV 1 40 (4/10) 8.5 (+/-1.4)
TX02
WNV 10 30 (3/10) 8 (+/-1.2)
TXO02
WNV 100 10 (1/10) 7.8 (+/-1.4)
TXO02

“Inoculated preparation, diluted in culture media with 10% FBS.

"Delivered by 1.p. route 1n a volume of 100 ml/animal.

“Survival at 14 days postinoculation (live/dead).

dﬂverage survival time from ammals that died from infection (standard deviation).

*NEUT titer of pooled sera collected from 2 animals at 21 days postinoculation (titer shown
15 the highest dilution giving 80% reduction of WNV foci formation).

/Protection from challenge with 100 LDs, of the NY99 strain of WNV demonstrated by
survival at 14 days post-challenge; single survivor from the diluent-inoculated group showed
signs of disease (hunched back, ruffled fur, and malaise) from days 8-14. None of the PIV
inoculated amimals displayed any signs of disease 1n the 14-day postchallenge observation
period.

SNot applicable.

"NEUT liters in sera from unimmunized mice tested side-by-side with sera from the WN
PIV-inoculated mice.

Example 17

Further Modifications to Increase the Yield and
Safety of PIVs/RepliVAX

The present mnvention demonstrates that repeated passag-
ing ol RepliVAX did not result in recombination, but variants
with enhanced growth were selected: The WNV RepliVAX
has been repeatedly passaged on a cell line that encodes the
WNV C protemn. This C protein was produced by fusing a
copy of the WNV C gene to a Pac gene driven by the subge-
nomic promoter of a non-cytopathic VEErep (Petrakova et
al., 2003). In the resulting construct (VEErep/Pac-Ubi-C*),
the ubiquitin (Ub1) gene was inserted in front of the C gene,
and C was followed by a stop codon. In this context, a Pac-Ubi
fusion protein would be produced along with a mature C
protein (lacking the hydrophobic anchor; see FIG. 9). The C
gene 1n this VEErep (denoted as “C*”) was further modified
by 1nsertion of 36 mutations that ablate the CS signal, con-
verting this 11-base region from GUCAAUAUGCU (SEQ ID
NO: 2) to GUgAAcAUGuU (SEQ ID NO: 3) while maintain-
ing C coding capacity. This large number of mutations dra-
matically reduces the likelithood of homologous recombina-
tion, and furthermore, 1f recombination did occur between the
genomes, the production of a replicationally active genome
could not occur, since the resulting RNA would have
unmatched CSs, preventing replication (FIG. 9).
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To test for the unlikely possibility of productive recombi-
nation, a clonal cell line was dertved from BHK cells express-
ing VEErep/Pac-Ubi-C* {BHK(VEErep/Pac-Ubi-C*)}, and
this cell line was used to passage the WN RepliVAX 10 times
(1n each case with infection at an MOI of 0.01), and the
resulting RepliVAX was characterized in detail. To determine
if this passage 10-(p10) population contained any live virus,
Vero cell monolayers were infected at multiplicities o1 0.1, 1,
and 10 with the p10 WN RepliVAX, and washed extensively

to remove extracellular RepliVAX. These monolayers were
re-washed 24 hours later, and then harvested 2 days later.
Passage of supernatant fluids from these cultures onto fresh
Vero cell cultures failed to reveal any immunopositive cells
when stained with a highly sensitive polyclonal antibody for
WNYV, indicating that RepliVAX had not productively recom-
bined with the C protein encoded by the packaging cell line.

Interestingly, when the p10 WN RepliVAX was compared

to p0 RepliVAX on the BHK(VEErep/Pac-Ubi-C*) cell line,

the p10 RepliVAX produced polymorphic foci of infection,
many of which were much larger than those produced by the
p0 RepliVAX (FIG. 10). Furthermore, p10 RepliVAX repli-

cates 10 times higher than pO RepliVAX at early time points,
with an endpoint titer twice as high.

Analyses of the PCR products obtained from cDNA pro-
duced from Vero cells infected with this p10 RepliVAX dem-

onstrated that there were no products that contained a full-
length C coding region. However, sequence analyses of the
C-prM junction of the product spanning these regions
revealed that two mutations had arisen during passaging. As

expected from the heterogeneous nature of the foc1 produced
by the p10 RepliVAX on the packaging cells (FIG. 10), both

mutations were present as mixtures with the original
RepliVAX sequence. One of the mutations, which appeared
to be present over half of the nucleic acid population 1n these
sequence reactions (sequenced 1n both directions), consisted
of a AGC>uGC (5>C) mutation at the P4 position preceding
the signal peptidase cleavage site (S(C)VGAIVTLS (SEQ ID
NO: 4) in the RepliVAX genome. The second mutation,
which was present 1n only about 30% of the amplified
sequences (again 1n reactions completed 1n both directions)

consisted of an AAG>AuG (K>M) at position P3 following
the NS2B/NS3 cleavage site (QKKRIGGK(m)T) (SEQ ID
NO: 3). Although these mutations are in the position of the
deleted SL5, they do not alter predicted RNA structures. The
rapid selection (only 10 growth cycles) of a better-growing
RepliVAX 1s very exciting since it indicates that selection of
better-growing variants 1s a powerful method to improve
RepliVAX. The positions of these mutations was not un-
expected since 1t 1s known that altering efficiency of NS2B/
NS3 versus signal peptidase cleavage can influence tlavivirus
particle yield and infectivity (Keelapang et al., 2004; Lee et
al., 2000; Lobigs and Lee, 2004; Yamschikov et al., 1997).
Studies are continuing on selection of even better growing,
variants, and these two mutations are being targeted for inser-
tion 1nto second-generation RepliVAX constructs, to confirm
theirr ability to work separately (or together) to improve
RepliVAX vield and antigen production. Nevertheless, the
data presented herein indicate that under these passage con-
ditions: 1) no recombination occurred, 2) positive selection
could be used to produce improved RepliVAXs.

Blind passage of JE RepliVAX similarly yielded better-
growing variants with mutations in the same regions of the
genome. The ability to blind passage RepliVAX products to
produce better growing variants 1s a key feature of this inven-
tion, and a clear advantage over traditional LAV, where pro-
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duction of better-growing variants 1s always complicated by
the concern that these better-growing variants may have lost
their attenuation 1n man.

Furthermore, the mutated, improved C-expression cassette
(VEErep/Pac-Ub1-C*), which has been shown to be stable,
and demonstrated freedom from recombination when used 1n
a BHK cell line (not approved for human vaccine generation),
has also been shown to be stable and usetul for PIV propaga-
tion when introduced 1nto Vero cells (an accepted cell line for
the production of human vaccines). Specifically, RNAs cor-
responding to the VEE replicon have been introduced Vero
cells from a certified seed using the same methods applied to
BHK cells. Following introduction of the RNA 1nto these
Vero cells, the cells were maintained 1n serum free media (an
important 1ssue for vaccine generation) containing puromy-
cin, and these cells were shown to be usetful for PIV propa-
gation. Under these propagation conditions, these cells have
been shown to produce slightly lower titers ef PIV than simi-
larly dertived BHK cells, but the VEErep/Pac-Ubi1-C*-Vero
cells hold up better under these culture conditions, permitting
multiple harvests. FIG. 11 shows the production of PIV from
these cells can be obtained for multiple harvests under serum-
free conditions.

In summary, propagation of PIVs in cell lines that express
C (especially C cassettes that contain the signal sequence of
prM, or this region plus portions of the prM and E genes) can
theoretically recombine with the PIV genome, producing a
live virus that could cause disease, increasing the risk of the
method of vaccine generation. To overcome this problem, the
present invention demonstrated that cell lines for the propa-
gation of WN PIV can be produced using a C protein that ends
precisely at the NS2B/NS3 cleavage site, minimizing the
chance of recombination at this region of the PIV genome,
providing an advantage over other propagation methods in
which cell lines encode RNAs that encode the portion of the
anchor of C (that 1s also know as the signal peptide of prM)
that are shared by the PIV.

To further enhance the safety of this C-expression cassette,
the present imvention demonstrated that the portion of the
cassette that 1s used to make the VEErep-encoded C that
complements the PIV genome (namely the first 30 codons
encoding the amino acid sequence that are required to pro-
duce a replicating PIV genome due to underlying RNA ele-
ments required for viral replication) could be specifically
mutated to produce a cassette that differs from the PIV
genome at 36 nucleotide positions (introduced without alter-
ing the protein product) resulting in a C gene that has a
dramatically reduced probability of recombination with the
PIV genome (FIG. 9). Furthermore, this mutated C gene was
created to have three mutations in the cyclization signal (CS)
that must be complementary to a CS in the 3'UTR of the PIV
genome to allow viral replication, providing a further safety
teature to prevent recombination (FI1G. 9). Finally, this C gene
was 1nserted 1nto the VEEreplicon following the selectable
marker gene (pac), by using a ubiquitin gene to the mtact C
product from the resulting polyprotein (alternative seli-cleav-
ing sequences such as the auto-proteinase 2A of FMDYV, or
other related sequences could easily be substituted for ubig-
uitin). Creation of this single-polyprotein cassette provides
the advantage of producing a genetically more stable
VEEreplicon, reducing the chance of recombination within
the propagating cell lines, eliminating the C-expression cas-
sette, and reducing PIV yield. The resulting construct
(VEErep/Pac-Ub1-C*, FIG. 9) was imtroduced mto BHK
cells, and the cells were used to produce a clonal cell line
expressing the VEE replicon using established methods
(Fayzulin et al., Virology 2006).
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One clonal cell line was examined after 18 passages from
single-cell cloming, and found to have no evidence of any
genetic deletion of the C cassettes (by RT-PCR), nor was 1t
found to have any detectable mutations within the C-expres-
s1on cassette. Most importantly, this cell line displayed simi-
lar ability to propagate the WNV PIV at a passage level as
high as 41. Finally, following 10 passages of PIV on this cell
line, no evidence of recombination producing PIV-recombi-
nants capable of productive replication on cells that do not
express the C cassette (namely WT Vero cells), and no evi-
dence of mtroduction of C-encoding sequences into the PIV
genome by RT PCR was observed.

Furthermore, to address concerns that PIV might recom-
bine with flaviviruses in vaccines at the time of their vacci-
nation, producing novel, virulent flaviviruses, the present
invention demonstrated that WNV genomes with “unnatural™
cyclization signals (CS) present 1n all known naturally circu-
lating flaviviruses, can be generated that replicate to high
levels. Evidence has been produced 1n several laboratories
that the two CS found at the 5" and 3' ends of the genomes of
all flaviviruses must be 100% complementary to provide pro-
ductive viral replication (Khromykh et al. J. Virol., 2001; Lo
et al., J. Virol., 2003; Alvarez et al., Virol., 2003). These
studies also demonstrated that unnatural CSs could produce
replicating genomes, as long as the CS were 100% comple-
mentary. However these investigators reported that all
genomes with unnatural CS sequences had replication
defects. By systematic analysis of CS 1n WNV genomes,
specifically the testing the ability of carefully selected single
base swaps to produce high-level replication, single-base
changes, and subsequent double-base changes that permait
high-levels of genome replication (FIG. 12A) were 1dentified.
FIG. 12B demonstrates that high-level replication of WNV
genome with two-base substitutions 1s possible, and that
genomes intentionally created with mismatched CS
sequences (namely W and the 2-base mutant) are not repli-
cationally active. This mutation, and others like 1t, can there-
fore be utilized to produce PIV with a superior satfety profile,
since any recombinant virus resulting from a single-point
genetic recombination between the CS-modified PIV vaccine
and a virus circulating 1n areas where people are undergoing
vaccination would not be replicationally active, and hence
could not cause disease.

Example 18

BHK Cells Expressing WNV C Gene Maintain their

Phenotype for Multiple Passages

Studies with a WNV C-expressing clonal cell line derived
from BHK cells transfected with VEErep/Pac-Ub1-C* has
demonstrated 1ts long-term stability and utility 1n generating
RepliVAX for several reasons. Firstly, these cells were usetul
for repeated passaging of RepliVAX. Secondly, side-by side
focus-formation assays on cells at two different passage lev-
cls (passages 8 & 24 after single-cell cloning) showed 1ndis-
tinguishable WN RepliVAX titers and foci sizes. Finally,
direct analysis of the sequence of the C-encoding cassette 1n
these cells at the passage-24 level revealed no changes rela-
tive to the original VEErep sequence. Taken together these
data indicate that cells harbermg C-expressing VEEreps
should be stable enough for use in the currently accepted
master cell seed lot format used to produce human vaccines.
Furthermore, the fact that VEEreps have already been used 1n
human trials, make 1t likely that the application of the




US 8,252,574 B2

25

VEErep-cell technology to Vero cells will not encounter any
unexpected hurdles during regulatory approval.

Example 19

Lymphoid Tissue Targeting of WNV VLPs

As indicated supra, WNV VLPs are similar to RepliVAX,

except 1 place of the flavivirus prM/E proteins, they can
encode a reporter gene, or they can simply contain a flavivirus
replicon without a reporter. VLPs can be readily produced in
packaging cells expressing all three WNV structural proteins,
and have been produced at high titer (Fayzulin et al., 2006).
When 10’ U of VLP were inoculated into mice, these animals
produced 1,000 to 5,000 U/ml of type I interferon (IFN) in
their serum 24 hr post-inoculation. IFN responses were pro-
duced by both 1p and subcutaneous footpad imjection (Ip).
Furthermore, popliteal lymph nodes dissected 24 hrs after 1p
inoculation with b-galactosidase-expressing VLPs contained
large numbers of b-galactosidase-positive cells, indicating
that VLPs, which enter cells 1n a manner indistinguishable
from RepliVAX are targeting important lvmph organs. This
result 1s consistent with the high levels of IFN elicited by
VLP-imection and suggests that similar targeting 1s respon-
sible for the high potency and efficacy of RepliVAX.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 42
<210>
<211>
<212>
<213>
220>

<223>

SEQ ID NO 1
LENGTH: 423
TYPE: DNA
ORGANISM:
FEATURE :

OTHER INFORMATION:

artificial sequence
a synthetic C gene

<400> SEQUENCE: 1

atgagcggcc ggaaggctca gggcaagacce ctgggcegtga

cgcagcectcect ccaacaagat

gcgeggcegtyg caagcagaag

tcggcaacag acccggaccg

AYJgCCygygygygCcdy tccaggggtt

ttcctgttca acatcctcac atcacggctc

aggtaagaag
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acatggtgag

accaagcaga

catcttcttc

acctgaagag
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-contilnued
gctectggaag atgctggacce ctcegceccaggg gctegeggtg ctcagaaagg 250
tgaagcgggt cgtcgectcece ctgatgegeg gectgtecte tcegcaagagg 300
cgctcccacg atgtgctcac cgtccaatte ctcattcectgg gaatgcectgcet 350
gatgactggce ggcgtgacce tggtgcgcaa gaaccgcectgg ctgcetgcetga 400
atgtgaccag tgaggacctc ggyg 423

<210> SEQ ID NO 2

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: cyclization sequence in C gene of Venezuelan
Equine Encephalitis replicon (VEErep)

<400> SEQUENCE: 2

Jgucaauaugce u 11

<210> SEQ ID NO 3

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: mutated cyclization sequence in C gene
of Venezuelan Equine Encephalitigs replicon

<400> SEQUENCE: 3

gugaacaugu u 11

<210> SEQ ID NO 4

<211> LENGTH: &8

<212> TYPRE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: amino acid sequence 1in the RepliVax genome
that has the signal peptidase cleavage gite

<400> SEQUENCE: 4

ser Val Gly Ala Val Thr Leu Ser
5

<210> SEQ ID NO b

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: amino acid sequence in the RepliVax genome
that has the NS2B/NS3 cleavage gite

<400> SEQUENCE: 5

Gln Lys Lys Arg Gly Gly Lys Thr
5

<210> SEQ ID NO 6

<211> LENGTH: 14295

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

223> QOTHER INFORMATION: sequence of Yellow Fever pseudoinfectious
virus plasmid

<400> SEQUENCE: o

gagtaaatcc tgtgtgctaa ttgaggtgca ttggtctgca aatcgagttyg 50

ctaggcaata aacacatttg gattaatttt aatcgttcgt tgagcgatta 100
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gcagagaact

tgggcgtcaa

gtgagcaagg

gCtggangC

agggcgatgc

ggcaagctgc

cgtgcagtgc

tcaagtccgc

aaggacgacyg

caccctggty

gcaacatcct

tatatcatgy

ccygccacadac

AdaacacCccCccC

ctgagcaccc

catggtcctyg

acgagctgta

gttctgactg

agtgaccttyg

aggacctcgy

attttggaag

caatctcagt

gggtggaaaa

tctaggaggt

tttgaagacc

aactccaaaa

acggctctga

cgtgattgcc

gcattggaat

tgggtttcag

tgacaagcct

ctgctgaggt

attaatgaca

cdaadgdgdgac

atggctgtygg

acttgtgcca

gtatgtcatc

ataccgacat

gtcgagttca

tgcggtggac

gaccagaaca

tatggtacga

gcgaggagcet

gacgtaaacg

cacctacggc

ccgtgecctyg

ttcagccgcet

catgcccgaa

gcaactacaa

aaccgcatcyg

gdgdcacaad

ccgacaagca

atcgaggacy

catcggcgac

agtccgcecct

ctggagttcyg

caagcttgga

tgcaattcct

gtgcggaaaa

gaaaacattc

ccaagtactyg

ccaagagagyg

cgttagagtc

caagaagggc

cggcaagaaa

gattgagaga

ccattgccta

ctactggtct

tactgacagyg

ctaccctgga

tcattggaca

gaggaaagtg

agtgccccag

aatgcgtgca

cctatttggy

aatccatgag

agagcacaat

taagactctc

ttgggtatgg

tttggtaaca

29

tgtctggtcg
cgaggagttc
gttcaccggy
gccacaagtt
aagctgaccc
gcccaccctce
accccgacca
ggctacgtcc
gacccgcgcc
agctgaaggg
ctggagtaca
gaagaacggc
gcagcgtgca
ggcccaegtgc
gagcaaagac
tgaccgccgc
ttgtcctcaa
aattttggga
acagatggtt
tctgtgggca
gtgcccagac
agccagatga
gcatatggta
cattgacttg
aatggatgac
tggttcgtga
ccttgtggga
tggctgttgg
gatttcattg
gcaagacaag
tctcactaga
tgttacaatg
cactggagag
agcgcactta
aaagggagca
tttgtttgag
tgcatgtagg
aagtttgatg
aaaagctaca

gttacatcgc

taaagctcag

gctcoccttgte

gtggtgccca

cagcgtgtcc

tgaagttcat

gtgaccaccc

catgaagcag

aggagcgcac

gaggtgaagt

catcgacttc

actacaacag

atcaaggtga

gctcocgcecgac

tgctgcccga

cccaacgaga

cgggatcact

ggaaacgccy

atgctgttga

gctcctaaat

caggcaactyg

tcaatggaat

cattgattgc

agtgtgactc

cctacgcatyg

tggaagaatyg

ggaacccctt

agcaacatga

tccggectac

agggggdtgcea

tgtgtcactyg

gacagtagcc

cagttctcac

gcccacctag

ttctgataga

ttgtggcaty

gttgatcaga

ggccaagcag

ccectgtcagy

ctggaatgcc

tgagatggaa

US 8,252,574 B2

-continued

ggaaaaaccc

aaacaccatyg

tcetggtcega

ggcgagggcd

ctgcaccacc

tgacctacgg

cacgacttct

catcttcttc

tcgagggcga

daaddgadgdyacydg

ccacaacgtc

acttcaagat

cactaccagc

caaccactac

agcgcgatca

ctcggcatgyg

ttcccatgat

tgacgggtgyg

gtgacatctyg

cacaacdaddadc

acaactgtcc

tggtgctatg

agcagygcady

aaaaccatgg

ggtgaaaggc

ttttgcagtyg

cgcaacgagt

tcagctcact

tggaggaact

ttatggcccce

attgatagac

tcatgtgaag

ctgaagagaa

ggctggggcea

cgccaaattc

CcCcaaaattca

gaaaattgga

ctcccaggaa

aggtgcaaac

acagagagct

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

500

550

1000

1050

1100

1150

1200

1250

1300

1350

1400

1450

1500

1550

1600

1650

1700

1750

1800

1850

1900

1950

2000

2050

2100
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ggatagtgga

ggaagtdgcyg

tcecgcatgcec

ccttgaaaac

gacaacaacc

attgtcagcet

aaatgttttt

atgcaggtga

agctgatgat

accccatcgc

ccttttggay

ttaccagtgy

ccatgaaagy

ttcagctcecy

ggtgtttggﬂ

caaaggtcat

aacatgacaa

tttgtctcta

agagagagct

gactggctga

atcaatagtyg

ttgactccct

gccatttttyg

aaagaatgtt

gtctgcagta

gggaggaaga

ccegttttcea

cgggagtgtt

atagactgcyg

tgcccatggc

catggatgat

ccactgacac

gccgagatca

acaaggttca

agagaagctt

acggggaaaa

aatggtgttyg

gatgggtgtt

ccatctggtyg

ttggtttggt

cagacagtgg
gggtgtggag
gccactatca
agctcttact
tttacaaact
ttgacactca
tgtcaagaac
aagtgtcaaa
cttacagcygg
ctcaaccaat
acagctacat
cacaaagagg
cgtggaacgc
ctggagggtt
tctgectttc
catgggggcyg
tgtccatgag
ggagttgggyg
caagtgcgga
acaagtactc
aaagcctctt
tgagcatgag
aggaaaacga
taccagagag
tggttggaag
atggaagctt
aaccgggtct
caccacacgc
atggatctat
tctccaacat
ccacaccttg

atacgattgyg

atcggaggcec
gacgaacgga
gcccagggac
tcaaccagat

ccgetectyge

ggtatcccat

cgctectggy

gagcatgatg

31

gcccaggact
agagatgcat
gagtactggc
ggcgcaatga
acatggtgga

aggggacatc

ccaactgaca
aggagccccc
caatcaataa
gatgatgaag
tatcgttgygyg
gaagctcaat
ctggccgtca
cttcacttcg
aggggctatt
gtacttatat
catgatcttg
cggatcaagg
gatggtatct
atactatcca
ttgaagaagg
atgtggagaa
ggtggacatt
gaactcatcc
acttggggta
catcatagat
ggaattcttt

gtgtacatgg

cttgggtgca
tttggatggy

gaggcattag

aacatcagtt
cagttagctc
ccttggatgce
tagcgtgatc
ccaccacgga
acaatgccgc
ggaaattagg

ttacagctgy

atagcaatgyg

tgaccctgcece

catcttgteyg

cctgggaaac

gggttacaaa

catgtttett

ctacaaaata

ctggccatgyg

tgcaggattc

aggcatttty

tgctgattga

agaggagatt

aggaaagtty

tgggagacac

gttgggaaag

tggﬂggﬂttg

gggttggcat

gtaggagtga

atgcgccatc

tcatatttag

gaagatcctg

gaagtgtggc

gcadgdggcadgda

tctgttgteg

attttccaga

agaaccttgt

ggaaagtcca

ccagatagag

acgcagtctt

gcggtgaacyg

aagtcatgaa

attacaagga

gaagagagtg

Ccacaatcat

aggtaccact

attgatggca

tagcgggaaa

ctgtgagcett

ccaaggaaaa

agaaatacat

aagtggtcct
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atggcagagt
aatttgaacc
caggaaggct
ggacacaaat
gcagagtgaa
tgcactgaca
cactgttgtg
cagtgatagt
gttacagtta
ggtgaaccca
cacgtctcac
ttcactcaga
cgcctgggat
gaattcatac
aactggataa
caacacaaga
tcatgatgtt
aactttggca
agactctgat
tgaagcttgce
ctaaattcag
tgagatcaat
tgcaggatcc
attcgggatg

gttctceccceca

ggaaagaatg
gagtttggga
tgaatacacc
gaaaaaagag
gtaaatggga
gtgtgagtgyg
aaatgttcat
atccctggat
agaagtgaag
actgtgatgyg
gttattcctg
ccatggtagt
cgcatgaaag
gctgtcectt

aaggaaaaga

2150

2200

2250

2300

2350

2400

2450

2500

2550

2600

2650

2700

2750

2800

2850

2900

2950

3000

3050

3100

3150

3200

3250

3300

3350

3400

3450

3500

3550

3600

3650

3700

3750

3800

3850

3900

3950

4000

4050

4100
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cagggaccaa

gctggteggy

tgggattgca

gcgttgattg

gctcaggacc

cagccatggt

tatctaaatyg

taggaaagca

tcactatggc

atcatagggy

tatacctcty

cttttttggy

agtatcccag

ggcaggactyg

ttggaggact

ctagagctca

cagcgggagt

tcaagctgcet

tcgectggect

ccttgetggy

tcttgtggga

gaggatggga

gcgaggagtyg

tcacaagagyg

tgggcttcayg

gdyaaggcada

caggaaagaa

aggaatggygyg

ttcaggatct

gcaatggcat

actgaggtga

gctaaagaaa

agacaagacyg

ttgcgcactc

ggaggctttt

ctcacggcayg

acttacagga

tatggatgaa

gygcagcygca

gccacaccgce

agcaaatgtt

caagtaactc

tttccatgayg

ctgcctttte

ctatggagcc

ggagattgcc

cagtttctet

CCcaaatacca

tgaggtgaga

tccttcacca

gtggccctca

cctgtgtgcea

tgaatgaggc

gcttttcagy

cctgatgatyg

agaagcttgyg

tccgeccgcet

ttctgaagag

tggttggggc

tggctgtttc

tattcccact

tttatggcat

ggagtggcac

agctttecett

taaaggaaga

tgggatggag

cgtggtcaac

gagaaatcgg

cctattgtta

ccttgteggt

addaagaadd

ggaatgacaa

CCLCcctcececca

ttgtgttggce

cacggcctgy

cdydagadaa

tgttggaacc

gcccattttt

cagagctagyg

ctgggactag

33

ggttggagga
tcottgattt

atgaacaatyg

aatcagacca

ctcgggaacyg
ttgggtggcyg
ctgcatcctg
tcttgcccect
cttgccgcaa
gaatttcaag
cactcacatc
tttctggcaa
actcgcagca
agatggagaa
ctggttagcg
tgaagtttca
atgatgtggc
aaagtgccat
tgccctecat
atgtcagggyg
cctaagatca

attccagtca

agggaggggt
gtcaggaatg
cettgtegec
aggaagaggt
gtccagacaa
ggctgtcgcet
acaggaacgg
gacaactcct
aaaggaggay
ctgtccecttga
cagatcttgyg
ccccaccagy
acgtgaaatt
gtcattgatg
aactagggtt
tggatccagc

gcaaatgaaa

tgatgaattt

gtagtgctct

gctgaaactc

gaggagacyc

gggctgctca

ccttgtgcetyg

tgatgggcgg

acaataaatg

catggctctyg

tgttcttttyg

gacacctcca

ttacctgggc

ccecgcecatatt

gctggtctag

cttecottggt

tggctgggag

tgggaagagy

actcagtgaa

gggaccaggt

ccatttgctc

agctaggaga

tcgaggaatyg

accttettgyg

gttccacaca

gcaagaagtt

tatggtggcet

ccagttgatc

aaccgagctt

cttgactatc

agaggtgatt

tcgtgtecgc

ctccaagaga

CCCtcatcct

ccgagtgegc

gttgttettt

ccacacacad

ccatgtgcca

gttaactggyg

tagcatagcc

gtgcaacaat

ccacattcaa
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tgggagcaat

acagtggctyg

catgtatatg

tcggcetttygyg

accctaggag

cctgtggaag

ctgttgette

ttgacacctg

tgccgtggtt

tgcagaagac

ttgacacaac

tgggcgaadg

tgggagtgct

ccgattgecag

ggtggatggyg

aggcggagat

caaggggagt

tgtgatgacc

ttctgetggt

agtggggatg

tgaacatctg

gggcctcecca

atgtggcatg

gattccatct

catggaagtt

gcggetgttc

gttcaaagtyg

cgagtggcac

gggctgtacg

catatcccag

tcccgacaat

ggagctggga

acggagacgc

ctgaaatgaa

gctttttecg

tgccacceccta

aagtgatcat

gctagaggtt

cttgatgaca

atggtgaaat

4150

4200

4250

4300

4350

4400

4450

4500

4550

4600

4650

4700

4750

4800

4850

4900

4950

5000

5050

5100

5150

5200

5250

5300

5350

5400

5450

5500

5550

5600

5650

5700

5750

5800

5850

5900

5950

6000

6050

6100
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agaagatgtt

actggatcct

agagctgcaa

ggtggtﬂﬂtg

agaagaaacc

aacctttgceyg

gcttgtggat

ccgcatcctc

agagatggag

ccaccacgtc

tgaggggtgg

ccagtttccc

cagagaacta

tggccaaggc

cctgaggaac

ggctcctgga

gggtgtcatc

ggtaggaggg

tttcetgget

tccactctga

cctgaggcaa

atcgggaatyg

ctatggcgat

ggcgtcaaac

gatggtggtt

accaagtggc

gcagccaacyg

gaagaagaac

ttgacctgaa

atgctctctc

gtctcetgtcet

aggggatacc
agtggctgga
cgccatgcetce
caaagcttgc
gttgatggga
cctttatgag
cttetgttge

ctagcatcag

ttggaatgga

caaacggaca

agctgacaaa

atgtcatggc

aacaggaaaa

tgactttata

tggagcgagt

gaagyggagygyga

tgctgctcaa

actcatacta

cgctggttygg

aatggtcgcec

ctggtgaaat

gtgaggaatt

tggtttgaayg

atgagatctt

ggagcaaaga

tgaccagagt

gagctgctga

aaaaaaggtyg

ggaaggctct

tgacaatagt

gtcatctttt

gggcacaatg

ccactcacat

gtgatccccyg

atacctcatt

agctaggcat

Ctaattccat

gccaggagct

caatgttgca

ggaatagccc

attcatgaag

attcaataac

cactggtctc

acagagaagyg

atccaacagt

aagaaactgyg

catgtgcaga

ctgccttagy

cccatggcetyg
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tacccagtga
aggcccacygyg
tgcctettty
cctttgagag
ttggccactyg
gctggattgc
aggtggcaat

aggagygygyc

ctattctgag
aggcctcaat
ccactctatg
gagactgagg
gtgacctgcc
acgaatgatc
gaatgacagc
agcctctgceg
gcgctgtcetyg
agtgctagtt
gagaggcaat
agggcttacc
catgctgttt
tcatgtctcc
gccggetgtyg
ctcctatgtce
agccagggca
attggcatcc
gctggagaaa
ctagtgcttc
gcctggacag
ccactggatc
agtcagcctc
atgaatatct
agtgatgcct
tcattttacc
gtgttccatyg
tgacattgag
ctctatatct
acgccctttt

gccgctcata

tctccatgac

gccctggaac

catggttcct

cgtaaggcty

agaatacccc

acatagctga

aggacggctt

aaaagggcca

gcattgggag

cctacaagtyg

gctcttggac

gcgttgaagyg

gatgaccaga

cgtttggett

gtaagtggtyg

ggtgaaacag

cccaaggtgy

aatttattaa

gtgctgagtyg

ggataccatc

gcaatgcact

atactggctyg

caaaggcatc

gatatctcat

atgctcatat

acaaaggtcc

tgacgctggt

accaaagagyg

accctggagt

tgtacgttgyg

aaagtcgaat

agtcctttet

cggtcataat

ctgctcectgtyg

tggaatcaaa

gcgttgocga

gaagctcctyg

ccttettget

cattggctga

gagggaaaca

aggagtcatyg
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acagggcatyg

tccatccatc

gaaagagtgt

acgataaagc

aatgggagcc

ttaagcctgt

cttegtatcet

aaatcccaac

aaaataatgc

aacatggagg

aactaaaaca

ggaaagtctt

tcgtggcaag

ttttgaaggc

tgaagtgcag

tgtgatgaaa

gtttgctgaa

aactccctga

agtgtgttcc

atcaatgatg

gactactgac

agtagaatgt

gttccttgga

tctttgtcct

atccaagaca

ttcagcggty

acctctttygg

tggccggatc

cattgttaca

atggcaacct

ttcatggaca

gctgctggtc

gcatagggtg

gcgcagcagt

gaaccctgtyg

aaatgcctygce

ctcagectag

aggcattgtc

ccagccttct

agggggaatc

6150

6200

6250

6300

6350

6400

6450

6500

6550

6600

6650

6700

6750

6800

6850

6900

6950

7000

7050

7100

7150

7200

7250

7300

7350

7400

7450

7500

7550

7600

7650

7700

7750

7800

7850

7900

7950

8000

8050

8100
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actatgcttt

cgccggyggyga
actgaatctg
ttgtggaggt
gtggacaccyg
ccatgagcgt
gtggccgegy
ggggtcaaag
tgtgcaaagt
tccaccgect
gagtcatcat
tgatactgta
aggtgttagce
caaaggaggt
cactcatgaa
ctgtgaacca
ggaaaagtga
tgttgagaca
ttgagaggat
aacccctaca
aggaagtgceg
catgggacag
ccttttggac
ggatccacca
tgttccgeca
gaatttattyg
agaacaagaa
tctgggaact
cggacttgtg
gtttgggaaa
cgcggtatcet
gcttccaggy
cctaggatat
acgcggatga
gatgatgaac
ggcacaagca
tgagaccagc
gaccagagag
caacttgaaa

atcaccaaca

tgtgggagtc
gcgecgaatgyg
ttggacaagc
ggatcgtgat
gggtggcggt
ggctatgtca
aggctggtgt
gatttactct
ctgggatgga
agaaccagtg
cgtcatcggt
gaaaaatggc
tccatacatg
ttggcggaac
atgtactacg

aacatcccgc

ccectggaggc

gacaagggac

aaaatctgag

ggacctggca

gcgagcatgyg

gatagaggag

agcaaagagt

gcgggaacta

cctggcecaga

caaaagtccy

cagtggaaga

ggtggatgaa

tgtacaacat

gcaaagggaa

tgagtttgag

aaaactcagyg

gtgatcagag

caccgctgga

aggagatctt

gtgatggaaa

cccagygaddyddy

gatccgggca

gtccaattga

tgttcaagat
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atgtacaatc
aaaaactttg
gacagtttga
acggcacgca
ctccaggggy
agctggaagg
tactacgctg
tggaagagac
acatcatcac

aaatgtgaca

cacagadgddd
tggcttgtgg
ccagatgttce
agtgatcagg
tgtctggagc
ctcctgatga
tgacgtcatc
ccctggacaa
tacatgacct
ctactgtggc
taaatggtgt
gtcacaagaa
gtttaaagaa
ggaagatcat
gaaaagaacc
aagtcatgca
ctgccaatga
gaaaggaagc
gatggggaaa
gccgtgccat
gccctgggat
aggaggagtg
acctggcetgce
tgggacacgc
gaactacatyg
tgacatacaa
aaagcctaca
ggtagtgact
tcagaatggc

tgtgatgaat

tatggaagat

ggtgaagtct

gttgtataaa

ggcatttggc

accgcaaagt

tagggtgatt

ctgcgcaaaa

ggccatgaga

cttcaaggac

cccttttgtyg

gaaaggaccg

ggttgacaac

ttgagaaact

aaccctctcet

ccgcagcaat

ggagaatgag

ctcccaattg

agaggccata

cttggtttta

tcctatgtcea

tattaaaatt

tggcaatgac

aaagttgaca

gaaagttgtc

ccagactgtyg

gccattggag

ggctgtccaa

tgcaccaaca

agagagaaga

atggtatatyg

tcctgaatga

gaaggcattg

aatggatggt

gcatcacaga

agcccacatc

gaacaaagtg

tggatgtcat

tatgctctga

agaagcagag

cagttctgac
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gaaaactgga

ggaagaggda
aggaccgaca
cgaagggaag
taaggtggtt
gacctggggt
ggaagtgagt
aacccatgaa
aaaactgata
tgacattgga
tgagagttct
ttctgtgtga
ggaattgctc
ccaggaattce
gtcacattta

gcgtccaact

ggacacgcag

gaadaaaddd

tgacaatgac

caaaaacctc

ctgacatatc

tgacacaacc

ccagagcaaa

aacaggtggc

cacaaaggaa

cttacctgga

gacccaaagt

aggcaggtgt

agctgtcaga

tggctgggag

ggaccattgg

gcttacaata

ggtggattct

ggcagacctt

acaaaaaact

gtgaaagtgt

aagtcgacga

acaccatcac

atggtgatac

caggctggag

8150

8200

8250

8300

8350

8400

8450

8500

8550

8600

8650

8700

8750

8800

8850

8900

8950

5000

5050

5100

5150

5200

9250

9300

9350

9400

9450

5500

5550

5600

5650

5700

5750

9800

9850

9900

9950

10000

10050

10100
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gcatggctca

tggagacgac

tgtcccatct

cagccatcaa

ccacttccat

gccgagaaca

ggctggatga

gtggtcactg

ctgtttectce

tggtcgattc

ggtgtggaac

caatggtgaa

aagctgtgcy

ccacatccat

aatacactga

ctgcaactgy

atacaaacca

ataaaccacg

cgggataaaa

gaagttgtca

aggcagtgca

tctgggacct

ctcccacgty

cagggaacaa

ttctetgett

gcagaccttt

cacctcctcg

cggatggcta

taccacattt

ccctgaacct

attgcagctt

aaataaagca

tcaagatctc

ttgtattact

CCCCLtatcCctt

ttgttgaata

tCtcccgacaa

aactggtcca

ctggctggat

cttcacgagy

ctgagcacgg
tgtgtggtcc
caacgccatg
aagggtggaa
gaactacagc
ggacgagctc
tcaaggaaac
atgtattttc

agctgttccec

atgggaaagg

agagtatgga

aaaatggaga

gatcactgat

ttagtcatcc

ctacctaaca

gtgagcttat

cgggtggaga

gctggagaac

actacggatyg

gcccagaacc

ggctgggaca

cccaccccadg

gtggtagaaa

atagtgggac

Ctcctecaga

ggatgacaaa

cggtccgacc

addgagygayCcc

gtagaggttt

gaaacataaa

ataatggtta

CCCLCELEtCcac

gagcaagacg

gtttatgtaa

gtgcaatgta

aatcgaactt

cgcagaccgt

cctacaacaa

gatggggcga

cagacctcag
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atgtgacaga
ggcccatcga
tccaaggtta
tgattgggag
tgaaggatygg
attgggagag
agcttgectce
acaaaaggga
acctcatggg
ggagtggatg
taaccaacaa
gatgtccctt
tggaatgacc
atcgtatccg
gtcatggaca
ctgaaacacc
accggactcc
cggactccgce
gagaaccgga
ccacacgagt
gccgacctcec
agtaaaaaga
gacggggtcet
catattgacg
ggtctgtgag
cacaaaacca
tgggcatccg
acgagctcct
tacttgcttt
atgaatgcaa
caaataaagc
tgcattctag
tttccegtty
gcagacagtt
acatcagaga
ttgctgagtt
tccgtggcaa
agctctcatc

ttcaggccty

cgctagcgga

ctgaagagga
tgacaggttc

gaaaggacat

aatgtgccct

caggaggatt
gaagggtgtc
agcaaagcct
catgaggcta
ttccacaagg
accacggaag
cccacacatg
atctaaccaa
aatagggcca
aacgctgatt
ggtattctgt
atctaacagg
ccacaacctg
acttaaaatg
ctccacacat
tttgccactg
aggttgcgaa
acggagcctc
agaggttaga
ccagggaaag
cacagtttgc
ctgggtcggce
aaggaggacyg
cgacagatca
aaaaaacctc
ttgttgttgt
aatagcatca
ttgtggttty
aatatggctc
ttattgttca
ttttgagaca
gaaggatcag
agcaaaagtt
aaccgtggcet
gtatgagtca

gtgtatactg
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tggcggtgag

ggcctggcecc

atctgaatgy

tctgttccca

gtggtgcctt

tccaggaaac

atgccaacat

ctgtcattgg

acgcacaaca

acatgcttga

caggacaaga

gagacaagac

cctgggectce

gyacadgddgada

ggatgctgac

aataaccggyg

aaaccgggat

dddcadaadac

tgagacagaa

ctaagctgtyg

aaacctggtt

cgctaccacc

ggagaccctc

accggagtgg

tcaagaataa

atggcatctc

cacgtccact

taatcagcca

ccacacctcc

taacttgttt

caaatttcac

CCccaaactca

ataacacccc

tgatgatata

caacgtggct

atcacgcatc

caaaatcacc

ccctcacttt

gcaacacctt

gcttactatyg

10150

10200

10250

10300

10350

10400

10450

10500

10550

10600

10650

10700

10750

10800

10850

10900

10950

11000

11050

11100

11150

11200

11250

11300

11350

11400

11450

11500

11550

11600

11650

11700

11750

11800

11850

11500

115950

12000

12050

12100
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ttggcactga

aggctgcacc

Ccctcgcetca

aatggcttac

ttaacaggga

gcccecccctga

aacccgacag

gtgcgctctce

atggccgegt

gttcgctcca

ctgcgectta

caaaaqCcacc

cttgaagtca

actgcgctcec

agaaccttcyg

agagattacyg

ggtctgacgce

agattatcaa

Ctttaaatca

aatgcttaat

tccatagttyg

cttaccatct

cggctceccaga

agaagtggtc

ccgggaagcet

ttgccattgce

tcattcagcet

gttgtgcaaa

gtaagttggc

tctcttactyg

ctcaaccaag

gcccggegtce

gtgctcatca

accgctgtty

cttcagcatc

aggcaaaatyg

actcatactc

gtctcatgag

ggggttﬂﬂgﬂ

gccgctagceg

tgagggtgtc

ggtgcgtcayg

ctgactcgcet

gaacdggdcd

agtgagaggg

caagcatcac

gactataaag

ctgttcctgc

ttgtctecatt

agctggactyg

tccggtaact

actggcagca

tgcgcecgygtt

tccaagccayg

dddadcCyCcC

cgcagaccaa

tcagtggaac

aaaggatctt

atctaaagta

cagtgaggca

cctgactccec

ggccccagtyg

tttatcagca

ctgcaacttt

agagtaagta

tgcaggcatc

ccggttecca

aaagcggtta

cgcagtgtta

tcatgccatc

tcattctgag

aacacgggat

ttggaaaacyg

agatccagtt

CCCLtactttc

ccygcaadadada

CECCLLLLLC

cggatacata

gcacatttcc

atgaccctgc

41

agtgaagtgc
cagaatatgt
acgctceggtce
gagatttcct
ccgceggcaaa
gaaatctgac
ataccaggcg
cttteggttt
ccacgcctga
tatgcacgaa
atcgtcttyga
gccactggta
aaggctaaac
ttacctcggt
ctgcaaggcyg
aacgatctca
gaaaactcac
cacctagatc
tatatgagta
cctatctcag
cgtcgtgtag
ctgcaatgat
ataaaccagc
atccgectcec
gttcgcecagt
gtggtgtcac
acgatcaagg
gctccttcegy
tcactcatygg
cgtaagatgc
aatagtgtat
aataccgcgc
ttcttcggygyg
cgatgtaacc
accagcgttt
gggaataagg
aatattattg
tttgaatgta
ccgaaaagtg

tgattggttc

ttcatgtggce

gatacaggat

gttcgactgce

ggaagatgcc

gcegttttte

gctcaaatca

tttccectygy

accggtgtca

cactcagttc

cceccecececgttce

gtccaacccy

attgatttag

tgaaaggaca

tcaaagagtt

gttttttegt

agaagatcat

gttaagggat

Cttttaaatt

aacttggtct

cgatctgtcet

ataactacga

accgcgagac

cagccggaag

atccagtcta

taatagtttyg

gctcoegtegtt

cgagttacat

tcctccgatc

ttatggcagc

ttttcetgtga

geggegaccey

cacatagcag

cgaaaactct

cactcgtgca

ctgggtgagc

gcgacacgga

aagcatttat

tttagaaaaa

ccacctgacyg

gctgaccatt
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aggagaaaaa

atattccget

gygcgagcegga

aggaagatac

cataggctcc

gtggtggcga

cggctcecctce

ttccogetgtt

cgggtaggca

agtccgaccg

gaaagacatyg

aggagttagt

agttttggtg

ggtagctcag

tttcagagca

cttattaagg

tttggtcatg

aaaaatgaag

gacagttacc

atttcgttca

tacgggagdyg

ccacgctcac

ggccygagCcygcC

ttaattgttg

cgcaacgttyg

tggtatggct

gatcccccat

gttgtcagaa

actgcataat

ctggtgagta

agttgctett

aactttaaaa

caaggatctt

cccaactgat

aaaaacagga

aatgttgaat

cagggttatt

taaacaaata

tgtcgacgcyg

tccgggtgcg

12150

12200

12250

12300

12350

12400

12450

12500

12550

12600

12650

12700

127750

12800

12850

125900

125950

13000

13050

13100

13150

13200

13250

13300

13350

13400

13450

13500

13550

13600

13650

13700

13750

13800

13850

13900

13950

14000

14050

14100
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ggacggcgtt
acggcagttt

tacacaatta

acataacctt

accagaaact

acgagagaga

ggcttgtaca

atgtatcata

<210> SEQ ID NO 7
<«211> LENGTH: 108623

<212> TYPE:

DNA

43

cagaaggttc
tgatagggtc
tattgtegtt

cacatacgat

gtccaaccaa

tgcttcagta

agaacgcggc

ttaggtgaca

<213> ORGANISM: artificial sequence
<220> FEATURE:

<«223> OTHER INFORMATION:

<400> SEQUENCE: 7

gatgggcggce
gaaagttcac
agcggagcett
gaccatgcta
aacggaggtyg
ccecgcagaat
tgtgcggaag
aaactgtaag
tggccgecgt
cacgacgacyg
tgtatacgcy
gagttagagt
aagaacttgg
aaccgtgtta
agcggtcacy
tccaacaatyg
ggacttactg
agcaaaatta
gtcgttaaaa
ctatgctgcet
acacattgaa
gctacattgt
ggacgacgcy
acggtcgcac
gtagtggccc
agaagatgaa
gttgttgggc
gatacccaaa
gcccaggata

ggaaaatgtt

gacgtacaag

gcatgagaga

gttgacatcyg

ccogecagttt

atgccagagc

gacccatccg

gtattctaag

atccggacag

gaaataactg

catgagcgac

agtcgtgtcyg

gttgacggac

cgcctactygy

ctggagcata

acggctcgta

tagagggatg

CtCctattctc

aggagctggc

cacatgtcgyg

gaatagctat

acgatgcacc

cyggyggaygaygy

gtgaccaaat

caaaaactgc

ccagagaaac

aggcatttgc

aggccactag

ttttagaagy

ccatcatcaa

ggcagtaaca

agaggagcac

aagctaagtyg

agcccagacc

aggaagacag

gaggtagaag

gttttcgcat

acacgatcct

cacaagtatc

attgtataag

ataaggaatt

cctgacctgy

ctacgaaggy

cgacaagtct

ataggctttyg

tccatcatac

acataggcct

tccattctta

tgttggctcy

acctgecgtce

tgtgagacta

cagtccaggc

gcgagggatt

gtctetttte

gactggcata

tggttgggct

accaatacca

taggtgggca

gactacgaga

cacaagataa

agtgaacagc

cattggagat

aaggagccgt

cgcagccgat

aattacctac

cccattecte

ccaagcaggt

ctggcttcaa

tgacattgga

attgtatctg

tatgcaacta

ggacaagaaa

aaactgagac

caagtcgctyg

ctatcaccaa

acaccacccc

tctaccaact

atgcagctct

gaaagaagta

accatctacc

tgtatttcac

tagttagttg

ctgtatggga

cttgtgctgc

ccgtgtgceac

ctggcaacag

caaccagcgt

tgaaaaatta

aaggaatata

tagacagtta

catctattta

gatttccact

cgggctgaga

cacctctcat

gaggctaagyg

US 8,252,574 B2

-continued

accgactctyg

agccagatgce

tacaattaat

ctata

sequence of VEErep/Cl/Pac plasmid

ccaaaatgga

agagctttgce

cactgataat

aactgatcga

agtgcgcccy

tccgatgaga

agctgaagaa

atgaaggagc

tatgtgcctce

tttaccagga

gccaataagyg

Ctttatgttt

gggccdacda

gacgttatgy

Cttgaaacca

acgagaagag

ttacgtggca

cgacgggtac

agccttcagyg

aaagtgacag

gtatgtgcca

atgtcagtgc

atagtcgtca

ccttttgecece

aggaagatca

gtcatggggt

taagcgcccy

cattcgtgcet

acaagaatca

taccgccgag

aggtgcgtga

14150

14200

14250

14295

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

500

950

1000

1050

1100

1150

1200

1250

1300

1350

1400

1450

1500

1550

44



agccgaggag
agcccactcet
ggctcagtgy
cgaggacaag
agagtgaaaa
ataacacact
taaagtagtyg
ctctgagtga
aggtacctgc
agaatattac

acgacatcga

gggctcacag
gagtctgaga
tgtatggcgt
accaaaaaag
tataagggac
tggactcagt
attgacgaag
cattataaga
gCLtLLttttaa
acacaagtct
ttcggtegtce
cgaaagagac
caggacgatc
aatagattac
tgacccgtaa
ctgtacgcac
ggaccgcatc
tgactgccaa
gcagagcatyg
cgacgtcttc
cggtgctgaa
gtggattatt
ccaactatgc
ctgcacccac
ccgtegecta
tcgcaggtac
acatgaacac

cctgtaaaca

cccacagagt

ttgcgcgcag

ggaagccgat

agacacctcyg

atcggctctt

attatcttgce

ctggccgaaa

gtgccagagg

aagtgccacc

accatattgc

aaaactgtca

caggaaacag

gcgagetggt

acacgaccag

gccaggatca

atctagtggt

gtcaagaaaa

gctcttgaat

cttttgcttyg

cctaaaaagy

catgatgtgc

tccacaaaag

tcaaccttgt

taagattgtyg

tcattctcac

aaaggcaacyg

aggtgtgtat

ccacctcaga

gtgtggaaaa

gtaccctggyg

atgccatcat

cagaataagg

gaccgctggce

ttgaaacgga

gtgaggttct

tgttcecgtta

acatgtacgyg

ccacaactgc

tggtacactyg

gaagactgcc

gacttttctt
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ctctaccacc
gtcgacttga
tggcttgata
acgctgtgcet
atccaccctc
agggcgttat
gacatgcaat
attgtgtaca
cacacatgga
agcccagcga
tgcgtcaaga
ggatcctccece

cCCcgctcctta

ggcaagtctyg
gagcgccaag
tgaaagggct
ggatgcaaac
tcatgcaggt
cagtgctctyg
ctgaaagtgc
catctctcgc
tttacgacaa
attgacacta
ttgtttcaga
aaataatgac
gcegtteggt
acatgtgaac
cactagccgy
aatttcactyg
gaggcacatc
caaacgtgtyg
atagacatga
caaagctcac
ttggactcga
tccattagga
gctgaataaa
ctcgggcagt
cgcaattatyg

tcatgcttta

cattcgtcag

tttggcagct

tgttacaaga

aaggttacca

ttctcocgecayg

tcgctgaaca

gccgtggaac

acccgtceccag

acgaacgtga

ggagcgctga

gcacgacggc

aagaactagt

ttccatgaat

ccaagtacca

gcatcattaa

aaagaaaact

ggacgtcaat

accccgtaga

actctcagag

cggggatccc

attttaacca

cgttgcacta

aaaaatgaga

ccggcagtac

gggtgggtga

ggcagctgcc

acaaggtgaa

gtcctactga

cgacccatgyg

ccacgataga

ttggagagac

ttgggccaag

ccactgaaca

tcagcagaga

tctggactcec

ataatcactg

gaagtggtcc

tgccactgga

atccgegceat

gtcctccacc

caaattgaag

US 8,252,574 B2

-continued

gatgttgagg

ggctggggcec

gctacgatygy

gctgtactca

agtcatagtg

cataccatgg

gactttcaag

gttcgtaaac

acactgatga

gaatacctgt

cactgggcta

tcgcectacga

accatagggy

aagcgcagtc

gtgcagaaat

gccagaactyg

gaccctgtat

cgctcatagce

aaacagtgcg

cgagatttgce

aatctgtgac

acgacgaatc

caaacctaag

agcagttgca

tctcaaggygc

tgaaaatcct

cccgcacgga

ataaaaacac

ggagtggcaa

cggaccctac

gctttagtgc

atggaacact

tagtattgaa

ggtctatttt

ggataactcc

gtcagctctc

agagtctatg

aaacctagta

ataatgaaca

ggcagaactyg

1600

1650

1700

1750

1800

1850

1900

1950

2000

2050

2100

2150

2200

2250

2300

2350

2400

2450

2500

2550

2600

2650

2700

2750

2800

2850

2900

2950

3000

3050

3100

3150

3200

3250

3300

3350

3400

3450

3500

3550
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tcctggtggt

ttgtcagacc

cccaggtgat

catataaata

agcatgttga

tgtcagcata

gtgctatagc

tcacttgaag

ggcccocgtacy

atacaggttc

gtgcgagggy

taacagcaaa

aattcccgga

ctggtcaaayg

caacaaagtt

agtccgctaa

ctttgtccac

ttgaaccatt

atactgcagy

gagagaagca

aacctgatgc

aggaagggct

gaccaagttt

ggcccgttge

gaaagcatga

ctccacacca

cagaaagagt

tgctcatcct

ccaatgctcc

atccaaggaa

ccatcggcag

tataaccgag

aagaggaaga

caggtgctgc

ctcatcectgy

ccatacttga

gccgagacta

ggtgcctgeyg

gcacaagaac

ctagtttcca

cdgyddgaaaad

ggcctgaggc

gtgcccaaat

ccatcactat

ccaagaaagc

ggttatggtt

gcggcagttce

agacggaagt

cacaatcctt

cagactccac

atattgccac

ggacaacctyg

aagcttcgat

gtgcagctaa

tcggaggttg

gattgtcaac

cggcatcttt

tgctgacagc

gacaagaaat

gtggaggaga

agagctggtg

acagcacaag

caccaggcgy

aacggaggcc

gcagtattag

cctagcacgc

acagcgccta

ttccattgcec

cagcctatat

gtatctcgty

agaaccaatc

gatgagacca

agaggatagc

aagtcgaggc

tccattccecte

caccctggayg

actcttactt

cctcecgaacag

accgtcactt

ccoccocgecagy
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ttgtccgtcec
taccttcaga
atgacataat
cagcagtgtg
ttgtctgeat
acgctgacag
aagttttccc
tctgtttgta
acaagctttc
gaagccggat
ggccaccgaa
gcggaggggt
ttacagccga
acatatcatt
aaggtgacaa
gataacaatt
tccgggaaca
tttagacacc

gggaatgact

tatgcatatc
agggtgcatc
cgatggcaaa
ccaaggatat
aatgagcagg
gtcgaaatgc
tgccttgett
aaagcctcac
gaagtataga
tgttctcacc
gaaacaccac
cacagayggdy
ggactagaac
ataagtttgc
agacattcac
atgcatccga
ggagctagceg
cgcaaagagt
tattcaggaa

gcacccagca

cgtgaatagyg

caggcaaaat

gctcggctgy

atttgttaat

aagaccatgc

ctgaatcccy

ggccagcgaa

gggtatgcaa

ttcattgggt

atcaaccttg

gtgcaccctce

ggagtgatta

gtgcggageyg

tcgaagtagy

catgccgtag

acagttggca

acaagtcagt

aagatcgact

actgatgcag

ctcaaggaag

cgacgactct

cgaagagttc

actttctcat

agcagaaatt

tatgcatgta

ccegtegaayg

gtgcatccat

gtccagaaca

atcactggtyg

gaaagtgcct

cggtagacga

acacctgaac

gcctgagcocy

tgtcagatgy

gggccgcecct

ctttgatgtyg

tgaccagcgy

atggagtttc

ccctccacat

gggcctgctce

gtgatcacta

US 8,252,574 B2
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ggttgactgg

atttaggcat

gtgaggaccc

cattaagctt

gcggaacctyg

agcatcattg

accgaaatcc

acgatcgcaa

accaacattt

atatcatgtg

taaatgctgce

ctgtataaga

aaaagcgcga

gaccaaactt

gaggcttatyg

agcgattcca

aacccaatca

atgtagccat

cagtggctag

tcagtgacag

tttggctgga

atttggaagg

aatgccatgt

tatcctcgga

agtcggaagc

gccatgactc

aattactgtg

tgcagaagat

gcgtatattc

gactccggag

aaccaccact

atcatcatcg

ccCcygacccac

ctgtatctag

gacagtttat

ggcaacgtca

tggcgcgacce

ccecgetecge

gagaaccagc

gagaggagct

3600

3650

3700

3750

3800

3850

3900

3950

4000

4050

4100

4150

4200

4250

4300

4350

4400

4450

4500

4550

4600

4650

4700

4750

4800

4850

4900

4950

5000

5050

5100

5150

5200

5250

5300

5350

5400

5450

5500

5550
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cgaggcgcett

gcctggtete

tttgaggcgt

catcttttcc

ggcaaacggt

tcgtatgcecc

attacagtta

aggtggagaa

gggcattatt

tcctgttect

aggtcgcagt

gtggcttett

tgacggagct

tgcgcagett

gcagtgcctt

cacadddaddda

attcggecggc

gaatattggg

cgtggtaaat

ttgcgaagac

tttgtaatgg

tactgaagaa

caacagcgta

gcggtcoctyge

ctttgacgcet

aaactgacat

accgcgttaa

gctgattgag

aaactaaatt

ctgtttgtga

agaacggcta

tcgtgaaagy

tggttgaata

gccttattte

cgtgccegtgt

ctggcagcayg

agagtcaaca

cagtagaatc

atgactactc

cccectataact

accccgtcac

cCaqacCcccygccca

tcgtagcaca

tccgacaccy

gctatccgaa

cgcgectcega

aatcccacac

catgaaagcc

tgaaggcaga

ttgtattcat

ggaagcctgt

actgtattat

tcatgctygcet

CCccaaagaaa

cagcgatcca

aattgcaatyg

ctttaatgtg

aaacgtttaa

tacattacca

acataatttyg

acttaaagag

cggcccaagg
tctgtgcgga
ttccgaacat
attatagccg
cgcgtegttt
tgattctgga
gcggcettteyg
taaattcgga
acacagtcat
accggatcac
agtcaaatcg
tggaagtcaa
tgtggagggt
ggcagacccc
acgatgaaca
cgctggaacce
aaggtatgaa
tagctagcag

ctctacggcet

49

gcactcctag
ggcgtaaata

acaacaatga

gtcaagggca
gtggtgttgyg
ccaagaaaaa
ctgctaacag
ataacagcta
aggaaaagtyg
ctagtgtgaa
aacgccatgt
tccagagtac
tagacactgc
cactcctatt
gaacacgctc
tcacgcaaat
gaatgcttca
agaaaacccc
aattaaaagyg
aatatgttgc
agacgtgaaa
tacaggtgat
atccaccgayg
tcatacactyg
agcacttcca
gataaaagtg
agacttaggt
gcgaaatttc
gccatgatga
taacattgta
catgtgcagc
gacaaattaa
gattatagat
ttattttgtg
ctaaaaaggc
tgatgatgac
gagtgggtat
accgtaggaa

tgttaaatca

aacctgaatyg

caggtcggtc

gggtgattac

cggtttgatyg

tttacaacaa

agaggaccga

gaagaattac

aagcagatac

gacgtattct

gagtgctacc

ccgtgecttt

tgaaagagaa

gatgcctatt

cagtttttgce

tggaacccac

cagaacgtcc

gagagaattg

agaaatatgc

atcaggctta

accaaaagct

aggacatacc

gtgactccag

ccaggctgcec

agctggttag

tttgatatgt

gcctggggat

aggacgacgc

gtggacgcag

atcaatacat

aatctggaat

atcgcaagca

attcattgga

tggcagacag

gctgtggtgg

tgactccgty

tgtttaagcet

agdagaaggy

tctttcagayg

cttccatcat

ttcagctacc

gactacgaca

US 8,252,574 B2
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tcgagaacca

aagagaggag

cgggtgcata

aaatcagtaa

attggagatt

tacgcaagaa

cagtccagga

gcaaggccta

gaaccctgca

tcaagcccca

ctttcegact

tggacatggt

cctgcaaagce

aatacgatcg

tggcagctgc

ccegtattgg

gtgtaataat

ctgaagaaaa

gctgetettt

aatggacagg

gaacadadadcda

gatccgctag

gagattaaat

cggctgaaga

tgtgttetyg

catggctctyg

agctgttgac

ttgcccacta

gttcctcaca

gagtgttgag

gatgacaata

gtgcgccacc

gcgagaaagc

accggcacag

tggcaaacct

cattgcatga

ctgtgcaagy

agttatggcc

tgagaggggce

tagtctagtc

5600

5650

5700

5750

5800

5850

5900

5950

6000

6050

6100

6150

6200

6250

6300

6350

6400

6450

6500

6550

6600

6650

6700

6750

6800

6850

6900

6950

7000

7050

7100

7150

7200

7250

7300

7350

7400

7450

7500

7550
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cgccaagtcet

cgtcaatatyg

ddaaaacadaa

ggatttatct

agcccaccta

ctgttctaag

tcctcaagga

tttgggaatyg

cggctaacct

ttaccatgac

gtccccaggy

cacgcgcecac

tgcaagaact

gtcgeggacyg

cgaagcdgyy

gcggttcoccy

caccggcecca

cgaccaccag

adycygyoccda

cgcaacctcc

cgagtgcccyg

cctgacgccc

ccecatgatc

attgtcaccc

caaacattta

cctgcectggga

ctattgtggc

cagcaattgyg

Cttaaaattt

Ctttaatatt

attaattctt

cgoggaaccc

gctcatgaga

agagtatgag

gcattttgcce

agatgctgaa

tcaacagcgy

atgatgagca

tgacgccggg

acttggttga

agaccatgtc

gtacgacgag

acaaattgga

CCCLECLLLLE

aagaggttgt

gaaagtcaag

aacgccgttc

ctgttgatga

gaatggacta

cgagtacaag

ccgtacgceac

accgtcegatc

cttcctecacg

acggcgcecgc

gcggtgttceg

gﬂtggﬂﬂgﬂg

aggagcccgc

ggcaagggtc

gcegcygcecydydy

ccttctacga

aaggaccgcyg

gccccacgac

gctagaccat

cccgaaagac

cagccgceggt

ggatcagccyg

catgtacgtyg

caagctgctt

Ctattttatt

tcaaaaaaaa

gaagacgaaa

ctatttgttt

caataaccct

tattcaacat

CtCcctgtttt

gatcagttgg

taagatcctt

cttttaaagt

caagagcaac

gtactcacca
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tggtcgtaaa
gagttcgcetce
aacagacctg
gttcaacatt
ggaaaatgct
agagtggtgg
ccatgatgtt
cgggtggata
cgacatagtc
cccacggtgce
cctegecogcec
cggaccgcca
cgcgteggygce
ggtggcggtc
ccgagatcgg
cagcaacaga
gtggttcctyg
tgggcagcgc
gtgcccegect
gcggceteggce
cgacctggtg
ccgcagegcc
ggggtaccga
catattgtga
gtcaaaaacc
taattattatc
ctgaccaacc
acatagaact
CCCCCLLLEC
aaaaaaaaaa
gggccaggtyg
atttttctaa
gataaatgct
ttccgtgteg
tgctcaccca
gtgcacgagt
gagagttttc
tctgctatgt
tcggtcgecyg

gtcacagaaa

gctcagggaa

Cttgtcaaac

gaccttcaag

ttgactggaa

ggacccaaga

ccagtttgat

ctgactgtgc

agggccccta

tagtccgcca

gcctcegecac

gcgttegecy

catcgagcgy

tcgacatcgy

tggaccacgc

ccecgegcatyg

tggaaggcct

gccaccgtceyg

cgtcocgtgcetc

tcctggagac

ttcaccgtca

catgacccgc

cgaccgaaag

gtatgttacg

cacaccctceca

gcgtggacgt

aattggctty

agaaacataa

cgcggcegatt

ttttcecgaat

dddadaddadcCdcC

gcacttttcyg

atacattcaa

Ccaataatat

ccecttattcec

gaaacgctgyg

gggttacatc

gcccoccgaaga

ggcgcggtat

catacactat

agcatcttac

US 8,252,574 B2
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aaaccctggy

aaaataaaac

aggtgttcaa

aaaagatcac

caaggcttgyg
gagaggattyg
aattcctaat
taactctcta
agtctagagc
ccgcgacgac
actaccccgc
gtcaccgagc
caaggtgtgyg
cggagagcegt
gccgagttga
cctggcecgcecy
gcgtcectcegec
cccecggagtgyg
ctcecgegecc
ccgcecgacgt
aagcccggtyg
gagcgcacga
tgcaaaggtyg
gtatcacgcc
ggttaacatc
gtgctggcta
ttgaatacag
ggcatgccgc
cggattttgt
gtcgagggga
gggaaatgtyg
atatgtatcc
tgaaaaagga
cttttttgeg
tgaaagtaaa
gaactggatc
acgttttcca
tatcccgtgt

tctcagaatg

ggatggcatg

7600

7650

7700

7750

7800

7850

7900

7950

8000

8050

8100

8150

8200

8250

8300

8350

8400

8450

8500

8550

8600

8650

8700

8750

8800

8850

8900

8950

5000

5050

5100

5150

5200

9250

9300

9350

9400

9450

5500

5550
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acagtaagag

ggccaactta

ttttgcacaa

gagctgaatg

agcaatggca

tagcttccceyg

ggaccacttc

atctggagcec

cagatggtaa

gcaactatgg

gattaagcat

ttgatttaaa

tttgataatc

agcgtcagac

ttctgcecgegt

gtggtttgtt

tggcttcagc

agttaggcca

ctgctaatcc

taccgggtty

gctgaacggg

accgaactga

cdaagdgddada

gagagcgcac

cctgtegggt

gtcagggggy

aggtgacact

aattatgcag

Cttctgacaa

catgggggat

aagccatacc

acaacgttgc

gcaacaatta

tgcgctcecgygc

ggtgagcgtyg

gcccteccgt

atgaacgaaa

tggtaactgt

acttcatttt

tcatgaccaa

ccegtagaaa

aatctgctgc

tgccggatca

agagcgcaga

ccacttcaag

tgttaccagt

gactcaagac

gggttcgtgc

gatacctaca

aaggcggaca

gagggagctt

ttcgccacct

cggagcectat

ata

<210> SEQ ID NO 8
«211> LENGTH: 10796

<212> TYPE:

DNA
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tgctgccata
cgatcggadgg
catgtaactc
aaacgacgag
gcaaactatt
atagactgga
ccttececggcet
ggtctegegg
atcgtagtta
tagacagatc
cagaccaagt
taatttaaaa
aatcccttaa
agatcaaagg
ttgcaaacaa
agagctacca
taccaaatac
aactctgtag
ggctgctgcc
gatagttacc
acacagccca
gcgtgagcat
ggtatccggt
ccagggdgaa
ctgacttgag

ggaaaaacgc

accatgagtg

accgaaggag

gccttgatceg

cgtgacacca

aactggcgaa

tggaggcgga

ggctggttta

tatcattgca

tctacacgac

gctgagatag

ttactcatat

ggatctaggt

cgtgagtttt

atcttettga

ddaaaaccacc

actctttttc

tgtcctteta

caccgcctac

agtggcgata

ggataaggcg

gcttggagcg

tgagaaagcyg

aagcggcagy

acgcctggta

cgtcgatttt

cagcaacgcyg

<213> ORGANISM: artificial sequence
<220> FEATURE:

«223> OTHER INFORMATION:

<400> SEQUENCE: 8

gatgggceggce

gaaagttcac

agcggagctt

gaccatgcta

aacggaggtg

ccecgcagaat

tgtgcggaag

aaactgtaag

gcatgagaga
gttgacatcyg
ccecgecagttt
atgccagagc
gacccatccyg
gtattctaag

atccggacag

gaaataactg

agcccagacc

aggaagacag

gaggtagaag

gttttcgcat

acacgatcct

cacaagtatc

attgtataag

ataaggaatt

aattacctac

cccattecte

ccaagcaggt

ctggcttcaa

tgacattgga

attgtatctg

tatgcaacta

ggacaagaaa

US 8,252,574 B2
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ataacactgc

ctaaccgctt

ttgggaaccy

cgatgcctgt

ctacttactc

taaagttgca

ttgctgataa

gcactggggc

ggggagtcag

gtgcctcact

atactttaga

gaagatcctt

cgttccactyg

gatccttttt

gctaccagcy

cgaaggtaac

gtgtagccgt

atacctcgct

agtcgtgtcet

cagcggtcegyg

aacgacctac

ccacgcttcc

gtcggaacag

tctttatagt

tgtgatgctc

agctcgattt

gsequence of VEErep/C2/Pac plasmid

ccaaaatgga

agagctttgce

cactgataat

aactgatcga

agtgcgcccy

tccgatgaga

agctgaagaa

atgaaggagc

9600

9650

9700

9750

5800

5850

5900

5950

10000

10050

10100

10150

10200

10250

10300

10350

10400

10450

10500

10550

10600

10650

10700

10750

10800

10850

10863

50

100

150

200

250

300

350

400
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tggccgecgt
cacgacgacyg
tgtatacgcy
gagttagagt
aagaacttgyg
aaccgtgtta
agcggtcacy
tccaacaatyg
ggacttactg
agcaaaatta
gtcgttaaaa
ctatgctgcet
acacattgaa
gctacattgt
ggacgacgcy
acggtcgcac
gtagtggccc
agaagatgaa
gttgttgggc
gatacccaaa
gcccaggata
ggaaaatgtt
gacgtacaag
agccgaggag
agcccactet
ggctcagtgyg
cgaggacaag
agagtgaaaa
ataacacact
taaagtagtyg
ctctgagtga
aggtacctgc
agaatattac

acgacatcga

gggctcacag
gagtctgaga
tgtatggcgt
accaaaaaag

tataagggac

tggactcagt

catgagcgac

agtcgtgtcyg

gttgacggac

cgcctactgy

ctggagcata

acggctcgta

tagagggatg

CCCctattctc

aggagctggc

cacatgtcgy

gaatagctat

acgatgcacc

cggdggagagy

gtgaccaaat

caaaaactgc

ccagagaaac

aggcatttgc

aggccactag

ttttagaagy

ccatcatcaa

ggcagtaaca

agaggagcac

aagctaagtyg

ttgcgcecgcayg

ggaagccgat

agacacctcyg

atcggctctt

attatcttgce

ctggccgaaa

gtgccagagg

aagtgccacc

accatattgc

aaaactgtca

caggaaacag

gcgagetggt

acacgaccag

gccaggatca

atctagtggt

gtcaagaaaa

gctcttgaat

3

cctgacctygg
ctacgaagygg
cgacaagtct
ataggctttg
tccatcatac
acataggcct
tccattctta
tgttggctcg
acctgcecgtce
tgtgagacta
cagtccaggc
gcgagggatt
gtctetttte
gactggcata

tggttgggﬂt

accaatacca
taggtgggca
gactacgaga
cacaagataa
agtgaacagc
cattggagat
aaggagccgt
cgcagccgat
ctctaccacc
gtcgacttga
tggcttgata
acgctgtgcet
atccaccctc
agggcgttat
gacatgcaat
attgtgtaca
cacacatgga
agcccagcga
tgcgtcaaga
ggatcctccece

cCCcgctcctta

ggcaagtctyg
gagcgccaag
tgaaagggct

ggatgcaaac

aaactgagac

caagtcgcety

ctatcaccaa

acaccacccc

tctaccaact

atgcagctct

gaaagaagta

accatctacc

tgtatttcac

tagttagttg

ctgtatggga

cttgtgctgc

ccgtgtgceac

ctggcaacag

caaccagcgt

tgaaaaatta

aaggaatata

tagacagtta

catctattta

gatttccact

cgggctgaga

cacctctcat

gaggctaagyg

tttggcagcet

tgttacaaga

aaggttacca

ttctcecgecayg

tcgctgaaca

gccgtggaac

acccgtceccag

acgaacgtga

ggagcgctga

gcacgacggc

aagaactagt

ttccatgaat

ccaagtacca

gcatcattaa

aaagaaaact

ggacgtcaat

accccgtaga

US 8,252,574 B2
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tatgtgcctce

tttaccagga

gccaataagyg

CCttatgttt

gggccdacdda

gacgttatgg

tttgaaacca

acgagaagag

ttacgtggca

cgacgggtac

agccttcecagyg

aaagtgacag

gtatgtgcca

atgtcagtgce

atagtcgtca

ccttttgecce

aggaagatca

gtcatggggt

taagcgcccyg

cattcgtgcet

acaagaatca

taccgccecgag

aggtgcgtga

gatgttgagg

ggcetggggcec

gctacgatygy

gctgtactca

agtcatagtg

cataccatgg

gactttcaag

gttcgtaaac

acactgatga

gaatacctgt

cactgggcta

tcgcecctacga

accatagggy

aagcgcagtc

gtgcagaaat

gccagaactyg

gaccctgtat

450

500

550

600

650

700

750

800

850

900

950

1000

1050

1100

1150

1200

1250

1300

1350

1400

1450

1500

1550

1600

1650

1700

1750

1800

1850

1900

1950

2000

2050

2100

2150

2200

2250

2300

2350

2400
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attgacgaag

cattataaga

JLCLLtttaa

acacaagtct

ttcggtegtc

cgaaagagac

caggacgatc

aatagattac

tgacccgtaa

ctgtacgcac

ggaccgcatce

tgactgccaa

gcagagcatg

cgacgtcttce

cggtgctgaa

gtggattatt

ccaactatgc

ctgcacccac

ccgtegecta

tcgcaggtac

acatgaacac

cctgtaaaca

cccacagagt

tcectggtggt

ttgtcagacc

cccaggtgat

catataaata

agcatgttga

tgtcagcata

gtgctatagc

tcacttgaag

ggcccgtacy

atacaggttc

gtgcgagggy

taacagcaaa

aattcccgga

ctggtcaaayg

caacaaagtt

agtccatcgc

ccactgttgt

cttttgettyg

cctaaaaagy

catgatgtgc

tccacaaaag

tcaaccttgt

taagattgtyg

tcattctcac

aaaggcaacyg

aggtgtgtat

ccacctcaga

gtgtggaaaa

gtaccctggy

atgccatcat

cagaataagg

gaccgctggce

ttgaaacgga

gtgaggttct

tgttccgtta

acatgtacgg

ccacaactgc

tggtacactyg

gaagactgcc

gacttttectt

cgdddaaaad

ggcctgaggc

gtgcccaaat

ccatcactat

ccaagaaagc

ggttatggtt

gcggcagttce

agacggaagt

cacaatcctt

cagactccac

atattgccac

ggacaacctg

aagcttcgat

gtgcagctaa

tcggaggttg

taagattgtc

ccaccggcat

S7

tcatgcaggt
cagtgctctg
ctgaaagtgc
catctctcgce
tttacgacaa
attgacacta
ttgtttcaga
aaataatgac
gccgtteggt
acatgtgaac
cactagccygyg
aatttcactg
gaggcacatc
caaacgtgtg
atagacatga
caaagctcac
ttggactcga
tccattagga
gctgaataaa
ctcgggcagt
cgcaattatg
tcatgcttta
cattcgtcag
ttgtccgtcec
taccttcaga
atgacataat
cagcagtgtg
ttgtctgeat
acgctgacag
aagttttccc
tctgtttgta
acaagctttc
gaagccggat
ggccaccgaa
gcggaggggt
ttacagccga
acatatcatt
aaggtgacaa

aacgataaca

cttttocecggy

actctcagag

cggggatccc

attttaacca

cgttgcacta

aaaaatgaga

ccggcagtac

gggtgggtga

ggcagctgcc

acaaggtgaa

gtcctactga

cgacccatgy

ccacgataga

ttggagagac

ttgggccaayg

ccactgaaca

tcagcagaga

tctggactcc

ataatcactg

gaagtggtcc

tgccactgga

atccgegceat

gtcctccacc

caaattgaag

caggcaaaat

gctcggctgy

atttgttaat

aagaccatgc

ctgaatcccy

ggccagcgaa

gggtatgcaa

ttcattgggt

atcaaccttg

gtgcaccctce

ggagtgatta

gtgcggageyg

tcgaagtagy

catgccgtag

acagttggca

attacaagtc

aacaaagatc
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cgctcatage

aaacagtgcyg

cgagatttgce

aatctgtgac

acgacgaatc

caaacctaag

agcagttgca

tctcaagggce

tgaaaatcct

cccgcecacgga

ataaaaacac

ggagtggcaa

cggaccctac

gctttagtgce

atggaacact

tagtattgaa

ggtctatttt

ggataactcc

gtcagctctc

agagtctatg

aaacctagta

ataatgaaca

ggcagaactg
ggttgactgg
atttaggcat
gtgaggaccc
cattaagctt
gcggaacctyg
agcatcattyg
accgaaatcc
acgatcgcaa
accaacattt
atatcatgtyg
taaatgctgc
ctgtataaga
aaaagcgcga
gaccaaactt
gaggcttatg
agtagcgatt

gactaaccca

2450

2500

2550

2600

2650

2700

2750

2800

2850

2900

2950

3000

3050

3100

3150

3200

3250

3300

3350

3400

3450

3500

3550

3600

3650

3700

3750

3800

3850

3900

3950

4000

4050

4100

4150

4200

4250

4300

4350

4400
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atcattgaac

ccatatactg

gctaggagag

gacagaacct

ctggaaggaa

gaagggacca

catgtggccc

t cggagaaag

gaagcctcca

gactccagaa

ctgtgtgctc

aagatccaat

tattcatcca

cggagccatce

ccacttataa

catcgaagag

cccaccaggt

tctagctcat

Cttatccata

cgtcagccga

cgaccggtgc

tccgecgcecaca

ccagcctagt

gagctcgagg

aaccagccty

aggagtttga

gcatacatct

agtaaggcaa

agatttcgta

aagaaattac

caggaaggtg

gcctagggca

ctgcatcctyg

ccccaaggtc

cgactgtggc

atggttgacy

aaagctgcgc

gatcggcagt

gctgccacaa

attggattcyg

catttgctga

cagggacaag
aagcagtgga
gatgcagagc
gggctacagc
agtttcacca
gttgcaacgyg
catgagcagt
caccacctag
agagtacagc
atcctttccea
gctcoccagcec
aggaagtatc
ggcagagaac
ccgaggatga
gaagaagagy
gctgcaagtc
cctggtcecat
cttgacaccc
gactaactct
ctgcgccteg
agaacaccgt
ttccacccceg
cgcttacccce
gtctccaacc
ggcgttcegta
tttcctecga
acggtgctat
tgccceccgegc
agttaaatcc
gagaacatga
ttatttgaag
ttccoctttgta
gcagtggaag
ttcttactgt
gagcttcatyg
agctttccaa
gccttcagey

aaagaaattyg

gcggcecttta

59

cagctttaga
aaatgggaaa
ggagatatgc
tggtgagggt
acaagcgatg
gygcggccaay
aggccaatga
attaggtcga
cacgctgcect
gcctaaaagc
ttgccgaagt
tatattgttc
tcgtggaaac
caatccacag
gaccaggact
atagcataag
gaggcagaca
tcctcecatgcea
tggagggagc
tacttcgcaa
aacagtattc
cacttgcacc
ccaggcgtga
gtcacgcact
cgccaggegt
gcacaacaac
caccggtcaa
ccgaagtggt
ctcgaccaag
cacacctgct
aagccataac
gcagaaggaa
ttcatctagt
cctgtaacgce
attattccag
ctgcttagac
agaaacactc
atccagaaca

caatgtcacyg

atgtggaatyg

caccactgat

tgactctcaa

atatccgacy

gcatccgaag

gcaaaacttt

gatatagcag

gcaggtatgc

aatgccccgt

tgcttgtgca

ctcacgtcca

atagaatcac

tcaccgaaayg

accaccggta

aggggacacc

agaacgcctyg

tttgctgtca

ttcacgggcc

tccgactttyg

tagcgtgacc

agagtatgga

aggaaccctc

cagcagggcc

atagggtgat

cctagcaggt

aaatagggtyg

aatgacggtt

gggcatttac

gttggagagg

aaaaagaaga

aacagaagca

agctagacgt

aagtggagtg

gtgaaccgtyg

catgttgaaa

agtacgatgc

actgccagtt

ctatttggaa

cgctccagaa

caaatgagag

cttcaagaaa
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gcagatgtag

ggaagcagtg

actcttcagt

agttctttgg

ctcatatttg

aaattaatgc

atgtatatcc

cgaagagtcg

tccatgccat

gaacaaatta

tggtgtgcag

tgcctgegta

gacgagactc

tgaacaacca

agccgatcat

gatggcccga

gccctetgta

atgtggacag

aAgcggygygcaa

gtttctggcey

cacatcccgc

tgctcgagaa

cactagagag

cggtctcecgag

attacaagag

tgatgcgggt

aacaaaaatc

accgaattgg

attactacgc

gataccagtc

attctgcaag

ctaccgaacc

ccttttcaag

gagaactttc

ctatttggac

tttgcectyge

cccacaatac

cgtcctggca

aattgcccgt

tatgcgtgta

4450

4500

4550

4600

4650

4700

4750

4800

4850

4900

4950

5000

5050

5100

5150

5200

5250

5300

5350

5400

5450

5500

5550

5600

5650

5700

5750

5800

5850

5900

5950

6000

6050

6100

6150

6200

6250

6300

6350

6400

60



ataatgaata

gaaaacgtgy

tctttttgey

acaggtttgt

aaacatactg

gctagcaaca

taaatgcggt

gaagactttg

tctggaaact

ctctgaccgc

ttgacgctga

cactaaaact

tcacactgtt

ttgagagaac

caatatcgtyg

ccacctggtt

aaagcgcctt

cacagcgtgc

aacctctggc

catgaagagt

caaggcagta

tggccatgac

ggggccccta

tagtccgceca

attttgactyg

gctggaccca

tggccagttt

gttctgactg

agtgaccttyg

aggacctcgy

ctacgacata

aagcccacgg

caccctcgcc

atccggaccy

acgcgcegtcy

cgeggtggey

tcgccgagat

gcgcagcaac

cgegtggttc

gtctgggcag

ttgggaaacg

taaattacat

aagacacata

aatggactta

aagaacggcc

gcgtatctgt

cctgecttecyg

acgctattat

gacatcgcgt

gttaatgatt

ttgaggcggce

aaatttaaat

tgtgaacaca

ggctaaccgyg

aaaggagtca

gaatatggaa

atttcetgtygg

cgtgtggcag

agcagacgat

caacacgctyg

gaatcaaggt

tactctagcet

taactctcta

aagaggtgtt

gaaaaaagat

agacaaggct

gatgagagga

tgcaattcct

gtgcggaaaa

gtaagggccc

gtctagtccy

tgcgcecctcegc

gccgegtteg

ccacatcgag

ggctcgacat

gtctggacca

cggeecgegc

agatggaagg

ctggccaccy

cgccgtegtyg

61

tttaaagaaa
taccaaatta
atttgaatat
aagagagacyg
caaggtacag
gcggaatcca
aacattcata
agccgagcac
cgtttgataa
ctggaagact
tttcggcgaa
tcggagccat
gtcattaaca
atcaccatgt
aatcggacaa
gtcaagatta
agggtttatt
accccctaaa
gaacatgatg
gaaccgagtyg
atgaaaccgt
agcagtgtta
cggctaacct
caaggattta
cacagcccac
tggctgttet
ttgtcctcaa
aattttggga
acagatggtt
ctataactct
ccaagtctag
cacccgcgac

ccgactaccc

cgggtcaccg
cggcaaggtg
cgccecggagag
atggccgagt
cctectggeg

tcggegtcetc

ctcccoggayg

accccatcag

aaaggaccaa

gttgcaggac

tgaaagtgac

gtgatccagyg

ccgagagcetyg

cactgtttga

ttccagectyg

aagtgaggac

taggtgtgga

atttcatcaa

gatgaaatct

ttgtaatcgc

gcagcattca

attaatggca

tagatgctgt

ttgtgtgact

aaggctgttt

atgacaggag

ggtattcttt

aggaacttcc

aatcattcag

gaatggacta

CCCCLLLECLL

ctaaagaggt

aaggaaagtc

ggaaacgccy

atgctgttga

gctcctaaat

ctacggctaa

agcttaccat

gacgtcccca

cgccacgcgc

agctgcaaga

tgggtcgegg

cgtcgaagcy

tgagcggttc

ccgcaccggc

gcccgaccac

tggaggcggc
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gcttactgaa

aagctgctygce

ataccaatgyg

tccaggaaca

ctgccgatcec

gttaggagat

tatgtcgget

gggattgtgt

gacgccatgyg

cgcagagctg

tacatttgcce

ggaatgttcc

aagcagagtyg

ttggagatga

gacaggtgcg

ggtgggcgag

ccgtgaccgyg

aagcttggca

aagggcattg

cagagctgtyg

atcatagtta

ctacctgaga

cgacatagtc

tttgttcaac

tgtggaaaat

aagagagtgyg

ttcccatgat

tgacgggtgyg

gtgacatctyg

cctgaatgga

gaccgagtac

gggccgtacg

cacaccgtcg

actcttceccecte

acgacggcgc

ggggceggtgt

ccggetggec

ccaaggagcc

cagyygcaadgdy

cgagcgcgcc

6450

6500

6550

6600

6650

6700

6750

6800

6850

6900

6950

7000

7050

7100

7150

7200

7250

7300

7350

7400

7450

7500

7550

7600

7650

7700

7750

7800

7850

7900

7950

8000

8050

8100

8150

8200

8250

8300

8350

8400

62



ggggtgcccyg

cgagcggctce

gcgcegaccty

gacccgcagce

catggggtac

gaccatattg

ggtgtcaaaa

ccgtaattat

gtgctgacca

cttacataga

ACCCCCECLL

ddadaaadaad

aaagggccag

CCCatttttc

cctgataaat

catttccgtyg

ttttgctcac

tgggtgcacg

cttgagagtt

agttctgcta

aactcggtcyg

ccagtcacag

cagtgctgcec

caacgatcgy

gatcatgtaa

accaaacdac

tgcgcaaact

ttaatagact

ggcccttecy

gtgggtﬂtﬂg

cgtatcgtag

aaatagacag

tgtcagacca

CCttaattta

caaaatccct

aaaagatcaa

tgcttgcaaa

tcaagagcta

agataccaaa

aagaactctyg

ccttectgga

ggcttcaccy

gtgcatgacc

gcccgaccga

cgagtatgtt

tgacacaccc

accgcgtgga

tataattggc

accagaaaca

actcgcecgygcy

ttcttttecy

dddadaaadaaad

gtggcacttt

taaatacatt

gcttcaataa

tcgccecttat

ccagaaacgc

agtgggttac

ttcgeccececcga

tgtggcgcegyg

ccgcatacac

aaaagcatct

ataaccatga

aggaccgaag

ctcgecttyga

gagcgtgaca

attaactggc

ggatggaggce

gCtggCtggt

cggtatcatt

ttatctacac

atcgctgaga

agtttactca

aaaggatcta

taacgtgagt

aggatcttct

cadaaaaaacc

ccaactcttt

tactgtcctt

tagcaccgcc
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gacctccgcey
tcaccgcecyga
cgcaagceccyg
aaggagcgca
acgtgcaaag
tcagtatcac
cgtggttaac
ttggtgcetgg
taattgaata
attggcatgc
aatcggattt
cgcgtcegagyg
tcggggaaat
caaatatgta
tattgaaaaa
Cccctttttet
tggtgaaagt
atcgaactygg
agaacgtttt
tattatcccg
tattctcaga
tacggatggc
gtgataacac
gagctaaccyg
tcgttgggaa
ccacgatgcce
gaactactta
ggataaagtt

ttattgctga

gcagcactgyg
gacggggagt
taggtgcctc
tatatacttt
ggtgaagatc
tttcegttcca
tgagatcctt
accgctacca
ttccgaaggt
ctagtgtagc

tacatacctc

cCcCCygCaacc

cgtcgagtgc

gtgcctgacy

cgaccccatyg

gtgattgtca

gcccaaacat

atccctgcectyg

ctactattgt

cagcagcaat

cgccttaaaa

Cgtttttaat

ggaattaatt

gtgcgcggaa

tcecgetecaty

ggaagagtat

gcggcatttt

aaaagatgct

atctcaacag

ccaatgatga

tgttgacgcc

atgacttggt

atgacagtaa

tgcggccaac

cttttttgca

ccggagctga

tgtagcaatyg

ctctagcttc

gcaggaccac

taaatctgga

ggccagatgg

caggcaacta

actgattaag

agattgattt

ctttttgata

ctgagcgtca

tttttetgeg

gcggtggttet

aactggcttc

cgtagttagyg

gctctgctaa
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tccecececttceta

ccgaaggacce

CCCgCCCCac

atcgctagac

ccccoCccygaaa

ttacagccgce

ggaggatcag

ggccatgtac

tggcaagctyg

CCCttatttt

atttcaaaaa

cttgaagacg

ccectatttyg

agacaataac

gagtattcaa

gccttecoctgt

gaagatcagt

cggtaagatc

gcacttttaa

gygcaagagc

tgagtactca

gagaattatyg

ttacttctga

caacatgggg

atgaagccat

gcaacaacgt

ccggcaacaa

ttctgcecgcetce

gccggtgagc

taagccctcc

tggatgaacg

cattggtaac

aaaacttcat

atctcatgac

gaccccgtag

cgtaatctgce

gtttgccgga

agcagagcgc

ccaccacttc

tcectgttacce

8450

8500

8550

8600

8650

8700

8750

8800

8850

8900

8950

5000

5050

9100

9150

9200

5250

5300

5350

5400

5450

5500

9550

9600

9650

9700

9750

5800

5850

5900

5950

10000

10050

10100

10150

10200

10250

10300

10350

10400

64



agtggctgct
gacgatagtt
tgcacacagc
acagcgtgag
acaggtatcc
cttccaggygyg
cctctgactt

tatggaaaaa

gccagtggceg

accggataag

ccagcttgga

cattgagaaa

ggtaagcggc

gaaacgcctyg

gagcgtcgat

cgccagcaac

<210> SEQ ID NO 9
<211> LENGTH: 12839

«212> TYPE:

DNA

65

ataagtcgty
gcgcageggt
gcgaacgacc
gcgccacgct
agggtcggaa
gtatctttat
ttttgtgatyg

gcgagctcga

tcttaccgygyg

cgggctgaac

tacaccgaac

tcccgaaggy

cadyagaycd

agtcctgtceyg

ctcgtcaggy

tttaggtgac

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 9

gatgggcggce

gaaagttcac

agcggagctt

gaccatgcta

aacggaggtg

ccegcagaat

tgtgcggaag

aaactgtaag

tggccgcecgt

cacgacgacyg

tgtatacgcy

gagttagagt

aagaacttgy

aaccgtgtta

agcggtcacy

tccaacaatg

ggacttactg

agcaaaatta

gtcgttaaaa

ctatgctgcet

acacattgaa

gctacattgt

ggacdacyCcy

acggtcgcac

gtagtggccc

agaagatgaa

gttgttgggc

gcatgagaga
gttgacatcyg
cccgecagttt
atgccagagc
gacccatccyg
gtattctaag
atccggacag
gaaataactyg
catgagcgac
agtcgtgtcg
gttgacggac
cgcctactygg
ctggagcata
acggctcgta
tagagggatg
CCctattctc
aggagctggc
cacatgtcgg
gaatagctat
acgatgcacc
cggggagady
gtgaccaaat
caaaaactgc
ccagagaaac
aggcatttgc

aggccactag

ttttagaagy

agcccagacc

aggaagacag

gaggtagaag

gttttcgcat

acacgatcct

cacaagtatc

attgtataag

ataaggaatt

cctgacctgy

ctacgaaggy

cgacaagtct

ataggcttty

tccatcatac

acataggcct

tccattctta

tgttggctcy

acctgcecgtc

tgtgagacta

cagtccaggc

gcgagggatt

gtctetttte

gactggcata

tggttgggct

accaatacca

taggtgggca

gactacgaga

cacaagataa

aattacctac

cccattcectce

ccaagcaggt

ctggcttcaa

tgacattgga

attgtatctg

tatgcaacta

ggacaagaaa

aaactgagac

caagtcgcty

ctatcaccaa

ACaccaccCccc

tctaccaact

atgcagctct

gaaagaagta

accatctacc

tgtatttcac

tagttagttyg

ctgtatggga

cttgtgctgc

ccgtgtgceac

ctggcaacag

caaccagcgt

tgaaaaatta

aaggaatata

tagacagtta

catctattta

US 8,252,574 B2
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ttggactcaa

ggggggttcg

tgagatacct

dadaaaqdycygdgy

cacydagdydyayg

ggtttcgcca

gggcygygagec

actata

sequence of pVEErep/V-prM-E/Pac plasmid

ccaaaatgga

agagctttgce

cactgataat

aactgatcga

agtgcgcccg

tccgatgaga

agctgaagaa

atgaaggagc

tatgtgcctce

tttaccagga

gccaataagyg

CCttatgttt

gygccdacda

gacgttatgyg

tttgaaacca

acgagaagag

ttacgtggca

cgacgggtac

agccttcagyg

aaagtgacag

gtatgtgcca

atgtcagtgc

atagtcgtca

ccttttgecce

aggaagatca

gtcatggggt

taagcgcccyg

10450

10500

10550

10600

10650

10700

10750

10796

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

500

550

1000

1050

1100

1150

1200

1250

1300

1350

06



gatacccaaa

gcccaggata

ggaaaatgtt

gacgtacaag

agccgaggygay

agcccactct

ggctcagtgg

cgaggacaag

agagtgaaaa

ataacacact

taaagtagtyg

ctctgagtga

aggtacctgc

agaatattac

acgacatcga

gggctcacag
gagtctgaga
tgtatggcgt
accaaaaaag
tataagggac
tggactcagt
attgacgaag
cattataaga
JgCLLCLtttaa
acacaagtct
ttcggtegtc
cgaaagagac
caggacgatc
aatagattac
tgacccgtaa
ctgtacgcac
ggaccgcatc
tgactgccaa
gcagagcatg
cgacgtcttc
cggtgctgaa
gtggattatt
ccaactatgc

ctgcacccac

ccgtegecta

ccatcatcaa

ggcagtaaca

agaggagcac

aagctaagtyg

ttgcgcecgcag

ggaagccgat

agacacctcyg

atcggctcett

attatcttgce

ctggccgaaa

gtgccagagyg

aagtgccacc

accatattgc

aaaactgtca

caggaaacag

gcgagetggt

acacgaccag

gccaggatca

atctagtggt

gtcaagaaaa

gctcttgaat

cttttgetty

cctaaaaagy

catgatgtgc

tCccacaaaag

tcaaccttgt

taagattgtyg

tcattctcac

aaaggcaacyg

aggtgtgtat

ccacctcaga

gtgtggaaaa

gtaccctggyg

atgccatcat

cagaataagyg

gaccgctggce

ttgaaacgga

gtgaggttct

tgttccgtta

acatgtacgyg
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agtgaacagc
cattggagat
aaggagccgt
cgcagccgat
ctctaccacc
gtcgacttga
tggcttgata
acgctgtgct
atccaccctce
agggcgttat
gacatgcaat
attgtgtaca
cacacatgga
agcccagega
tgcgtcaaga
ggatcctccc

ccgctcctta

ggcaagtctg
gagcgccaag
tgaaagggct
ggatgcaaac
tcatgcaggt
cagtgctcty
ctgaaagtgc
catctctcegc
tttacgacaa
attgacacta
ttgtttcaga
aaataatgac
gccgtteggt
acatgtgaac
cactagccgy
aatttcactyg
gaggcacatc
caaacgtgtyg
atagacatga
caaagctcac
ttggactcga

tccattagga

gctgaataaa

gatttccact

cgggctgaga

cacctctcat

gaggctaagg

tttggcagcet

tgttacaaga

aaggttacca

ttctcogecag

tcgctgaaca

gccecgtggaac

acccgtcecayg

acgaacgtga

ggagcgctga

gcacgacggc

aagaactagt

ttccatgaat

ccaagtacca

gcatcattaa

aaagaaaact

ggacgtcaat

accccgtaga

actctcagag

cggggatccc

attttaacca

cgttgcacta

aaaaatgaga

ccggcagtac

gggtgggtga

ggcagctgcc

acaaggtgaa

gtcctactga

cgacccatgyg

ccacgataga

ttggagagac

ttgggccaayg

ccactgaaca

tcagcagaga

tctggactcc

ataatcactg

gaagtggtcc

US 8,252,574 B2
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cattcgtgcet

acaagaatca

taccgeccgayg

aggtgcgtga

gatgttgagyg

ggctggggcec

gctacgatgyg

gctgtactca

agtcatagtg

cataccatgg

gactttcaayg

gttcgtaaac

acactgatga

gaatacctgt

cactgggcta

tcgcecctacga

accatagggyg

aagcgcagtce

gtgcagaaat

gccagaactyg

gaccctgtat

cgctcatagce

aaacagtgcg

cgagatttgce

aatctgtgac

acgacgaatc

caaacctaag

agcagttgca

tctcaagggce

tgaaaatcct

cccgcacgga

ataaaaacac

ggagtggcaa

cggaccctac

gctttagtgc

atggaacact

tagtattgaa

ggtctatttt

ggataactcc

gtcagctctc

1400

1450

1500

1550

1600

1650

1700

1750

1800

1850

1900

1950

2000

2050

2100

2150

2200

2250

2300

2350

2400

2450

2500

2550

2600

2650

2700

2750

2800

2850

2900

2950

3000

3050

3100

3150

3200

3250

3300

3350

08



tcgcaggtac

acatgaacac

cctgtaaaca

cccacagagt

tcectggtggt

ttgtcagacc

cccaggtgat

catataaata

agcatgttga

tgtcagcata

gtgctatagce

tcacttgaayg

ggcccgtacy

atacaggttc

gtgcgaggygy

taacagcaaa

aattccecgga

ctggtcaaag

caacaaagtt

agtccatcgc

ccactgttgt

atcattgaac

ccatatactg

gctaggagag

gacagaacct

ctggaaggaa

gaagggacca

catgtggccc

tcggagaaag

gaagcctcca

gactccagaa

ctgtgtgctc

aagatccaat

tattcatcca

cggagccatc

ccacttataa

catcgaagayg

cccaccaggt

tctagctcat

Cttatccata

ccacaactgc

tggtacactyg

gaagactgcc

gacttttectt

cgdyggaaaad

ggcctgaggc

gtgcccaaat

ccatcactat

ccaagaaagc

ggttatggtt

gcggcagttce

agacggaagt

cacaatcctt

cagactccac

atattgccac

ggacaacctg

aagcttcgat

gtgcagctaa

tcggaggttg

taagattgtc

ccaccggcat

catttgctga

cagggacaag
aagcagtgga
gatgcagagc
gggctacagc
agtttcacca
gttgcaacgy
catgagcagt
caccacctag
agagtacagc
atcctttcca
gctcccagcec
aggaagtatc
ggcagagaac
ccgaggatga
gaagaagagy
gctgcaagtc
cctggtcecat

cttgacaccc

69

ctcgggcagt

cgcaattatg
tcatgcttta
cattcgtcag
ttgtccgtcec
taccttcaga
atgacataat
cagcagtgtg
ttgtctgcat
acgctgacag
aagttttccc
tctgtttgta
acaagctttce
gaagccggat
ggccaccgaa
gcggaggggt
ttacagccga
acatatcatt
aaggtgacaa
aacgataaca
cttttcecgygyg
cagctttaga
aaatgggaaa
ggagatatgc
tggtgagggt
acaagcgatg
ggcggccaay
aggccaatga
attaggtcga
cacgctgcect
gcctaaaagc
ttgccgaagt
tatattgttc
tcgtggaaac
caatccacag
gaccaggact
atagcataag
gaggcagaca

tcctcatgca

tggagggagc

tgccactgga

atccgecgceat

gtcctecacc

caaattgaag

caggcaaaat

gﬂtﬂggﬂtgg

atttgttaat

aagaccatgc

ctgaatcccy

ggccagcgaa

gggtatgcaa

ttcattgggt

atcaaccttg

gtgcaccctce

ggagtgatta

gtgcggagcyg

tcgaagtagy

catgccgtag

acagttggca

attacaagtc

aacaaagatc

caccactgat

tgactctcaa

atatccgacy

gcatccgaag

gcaaaacttt

gatatagcag

gcaggtatgc

aatgccccgt

tgcttgtgca

ctcacgtcca

atagaatcac

tcaccgaaag

accaccggta

aggggacacc

agaacgccty

tttgctgtca

ttcacgggcc

tccgactttyg

tagcgtgacc

US 8,252,574 B2
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agagtctatyg

aaacctagta

ataatgaaca

ggcagaactyg

ggttgactgg

atttaggcat

gtgaggaccc

cattaagctt

gcggaacctyg

agcatcattg

accgaaatcc

acgatcgcaa

accaacattt

atatcatgtyg

taaatgctgc

ctgtataaga

aaaagcgcga

gaccaaactt

gaggcttatyg

agtagcgatt

gactaaccca

gcagatgtag

ggaagcagtg

actcttcagt

agttctttygg

ctcatatttg

aaattaatgc

atgtatatcc

cgaagagtcg

tccatgccat

gaacaaatta

tggtgtgcag

tgcctgegta

gacgagactc

tgaacaacca

agccgatcat

gatggcccga

gccctetgta

atgtggacag

agcggygygcaa

3400

3450

3500

3550

3600

3650

3700

3750

3800

3850

3900

3950

4000

4050

4100

4150

4200

4250

4300

4350

4400

4450

4500

4550

4600

4650

4700

4750

4800

4850

4900

4950

5000

5050

5100

5150

5200

5250

5300

5350

70



cgtcagccga

cgaccggtgc

tccgegcaca

ccagcctagt

gagctcgagyg

aaccagcctyg

aggagtttga

gcatacatct

agtaaggcaa

agatttcgta

aagaaattac

caggaaggtg

gcctagggca

ctgcatccty

ccccaaggtc

cgactgtggc

atggttgacyg

aaagctgcgc

gatcggcagt

gctgccacaa

attggattcyg

ataatgaata

gaaaacgtgg

tctttttgeg

acaggtttgt

aaacatactg

gctagcaaca

taaatgcggt

gaagactttg

tctggaaact

ctctgaccgc

ttgacgctga

cactaaaact

tcacactgtt

ttgagagaac

caatatcgtyg

ccacctggtt

aaagcgcctt

cacagcgtgc

aacctctggc

gactaactct

ctgcgectcey

agaacaccgt

ttccaccccg

cgcttacccc

gtctccaacc

ggcgttcogta

tttcctecga

acggtgctat

tgcccecgege

agttaaatcc

gagaacatga

ttatttgaag

ttcctttgta

gcagtggaag

ttcttactgt

gagcttcatg

agctttccaa

gccttcagceg

aaagaaattyg

gcggcecttta

ttgggaaacy

taaattacat

aagacacata

aatggactta

aagaacggcc

gcgtatctgt

cctgcecttecy

acgctattat

gacatcgcgt

gttaatgatt

ttgaggcggce

aaatttaaat

tgtgaacaca

ggctaaccgg

aaaggagtca

gaatatggaa

atttctgtygg

cgtgtggcag

agcagacgat
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tacttcgcaa
aacagtattc
cacttgcacc
ccaggcgtga
gtcacgcact
cgccaggcegt
gcacaacaac
caccggtcaa
ccgaagtggt
ctcgaccaag
cacacctgct
aagccataac
gcagaaggaa
ttcatctagt
cctgtaacgc
attattccag
ctgcttagac
agaaacactc
atccagaaca
caatgtcacg
atgtggaatg
tttaaagaaa
taccaaatta
atttgaatat
aagagagacg
caaggtacag
gcggaatcca
aacattcata
agccgagcac
cgtttgataa
ctggaagact
tttcggcgaa
tcggagcecat
gtcattaaca
atcaccatgt
aatcggacaa
gtcaagatta
agggtttatt

accccecctaaa

gaacatgatg

agagtatgga

aggaaccctce

cagcagggcc

atagggtgat

cctagcaggt

aaatagggtyg

aatgacggtt

gggcatttac

gttggagagg

aaaaagaaga

aacagaagca

agctagacgt

aagtggagtyg

gtgaaccgtyg

catgttgaaa

agtacgatgc

actgccagtt

ctatttggaa

cgctccagaa

caaatgagag

cttcaagaaa

accccatcag

aaaggaccaa

gttgcaggac

tgaaagtgac

gtgatccagyg

ccgagagcetyg

cactgtttga

ttccagectyg

aagtgaggac

taggtgtgga

atttcatcaa

gatgaaatct

ttgtaatcgc

gcagcattca

attaatggca

tagatgctgt

ttgtgtgact

aaggctgttt

atgacaggag

US 8,252,574 B2
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gtttctggeg

cacatcccgc

tgctcgagaa

cactagagag

cggtctcecgag

attacaagag

tgatgcgggt

aacaaaaatc

accgaattgg

attactacgc

gataccagtc

attctgcaag

ctaccgaacc

ccttttecaag

gagaactttc

ctatttggac

tttgccecctgce

cccacaatac

cgtcocctggca

aattgcccgt

tatgcgtgta

gcttactgaa

aagctgctgce

ataccaatgg

tccaggaaca

ctgccecgatec

gttaggagat

tatgtcggcet

gggattgtgt

gacgccatgyg

cgcagagctyg

tacatttgcc

ggaatgttcc

aagcagagtg

ttggagatga

gacaggtgcg

ggtgggcgag

ccgtgaccgyg

aagcttggca

aagggcattg

5400

5450

5500

5550

5600

5650

5700

5750

5800

5850

5900

5950

6000

6050

6100

6150

6200

6250

6300

6350

6400

6450

6500

6550

6600

6650

6700

6750

6800

6850

6900

6950

7000

7050

7100

7150

7200

7250

7300

7350

72



catgaagagt

caaggcagta

tggccatgac

ggggccccta

tagtccgceca

ctgggcgtca

ddadacadaad

ttcaaggatt

atcacagccc

cttggetgtt

gattgtcctce

ctaattttygg

aaacagatgyg

tctetgtgygy

tggtgcccayg

ggagccagat

tcgcatatgyg

gccattgact

aaaatggatyg

gatggttcgt

taccttgtgy

cttggetgtt

gggatttcat

gagcaagaca

catctcacta

tgtgttacaa

agcactggag

caagcgcact

ggadaggdag

agtttgtttyg

attgcatgta

tcaagtttga

ggaaaagcta

cagttacatc

gggcccagga
agagagatgc
cagagtactg
ctggcgcaat

ctacatggtyg

caaggggaca

caacacgctg

gaatcaaggt

tactctagcet

taactctcta

agtctagacc

atatggtacyg

dCadaacaad

CatcCtttttc

acctaaagag

ctaaggaaag

aaggaaacgc

gaatgctgtt

ttgctcctaa

cacaggcaac

actcaatgga

gacattgatt

taagtgtgac

tgcctacgca

actggaagaa

gaggaacccc

gaagcaacat

ggtccggect
tgagggggtg
agtgtgtcac
gagacagtag
tgcagttctce
aggcccacct
tattctgata
cattgtggca
aggttgatca
gyggygccaagc
tgccctgtcea
cactggaatg
gctgagatgg
cttgaccctyg

atcatcttgt

gccctgggaa

gagggttaca

gacatgtttc

tcctacaaaa
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gaaccgagtyg
atgaaaccgt
agcagtgtta
cggctaacct
atgtctggtc
acgaggagtt
ttggaaacag
CECCLtgttca
gttgtggaaa
tcaagagagt
cgttceccatyg
gatgacgggt
atgtgacatc
tgcacaacaa
atacaactgt
gctggtgcta
tcagcaggca
tgaaaaccat
tgggtgaaag
ttttttgcag
gacgcaacga
actcagctca
catggaggaa
tgttatggcc
ccattgatag
actcatgtga
agctgaagag
gaggctgggy
tgcgccaaat
gaccaaaatt
aggaaaattg
ggctcccagy
ccaggtgcaa
aaacagagag
ccatggcaga
cgaatttgaa
accaggaagqg
aaggacacaa
ttgcagagtg

tatgcactga

ggtattcttt

aggaacttcc

aatcattcag

gaatggacta

gtaaagctca

cgctcececttgt

acctggacct

acattttgac

atgctggacc

ggtggccagt

atgttctgac

ggagtgacct

tgaggacctc

acattttgga

cccaatctca

tggggtggaa
ggtctaggag
ggtttgaaga
gcaactccaa
tgacggctct
gtcgtgattyg
ctgcattgga
cttgggttte
cctgacaagc
acctgctgag
agattaatga
aacgaaygydyy
caatggctgt
tcacttgtgc
cagtatgtca
gaataccgac
aagtcgagtt
actgcggtgg
ctggatagtg
gtggaagtgg
cctecgeatyg
ctcettgaaa
atgacaacaa

aaattgtcag

caaaatgttt
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cagagctgtyg

atcatagtta

ctacctgaga

cgacatagtc

gggaaaaacc

caaacaaaat

tcaagaggtyg

tggaaaaaag

caagacaagg

ttgatgagag

tgtgcaattc

tggtgcggaa

gggaaaacat

agccaagtac

gtccaagaga

aacgttagag

gtcaagaagyg

cccggcaaga

aagattgaga

gaccattgcc

ccctactggt

attactgaca

agctaccctg

cttcattgga

gtgaggaaag

caagtgcccc

acaatgcgtg

ggcctatttyg

caaatccatg

tcagagcaca

attaagactc

cattgggtat

actttggtaa

gacagacagt

cggggtgtgg

ccgceccactat

acagctctta

cctttacaaa

ctttgacact

tttgtcaaga

7400

7450

7500

7550

7600

7650

7700

7750

7800

7850

7900

7950

8000

8050

8100

8150

8200

8250

8300

8350

8400

8450

8500

8550

8600

8650

8700

8750

8800

8850

8900

8950

5000

9050

9100

9150

9200

9250

9300

5350
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acccaactga

aaaggagccc

ggcaatcaat

atgatgatga

attatcgttyg

gggaagctca

gcctggcecgt

CCcttcactt

tcaggggcta

cggtacttat

agcatgatct

ggcgtaagcg

catagtctag

acggtgcgcec

cgoccecgecgcy

accgccacat

gtﬂgggﬂtﬂg

ggcggtcetgg

agatcggccc

caacagatgg

gttcctggcec

gcagcgccgt

CCcCcgceccttcec

gctcecggcette

cctggtgceat

cagcgcoccga

gtaccgagta

attgtgacac

aaaaaccgcyg

Ctattataat

accaaccada

tagaactcgc

CCCCCCCLLE

dddadadaddaad

ccaggtggca

CLtctaaata

aaatgcttca

cgtgtcgecc

tcacccagaa

cacgagtggg

cactggccat

cctgcaggat

aaaggcattt

agtgctgatt

ggagaggagda

ataggaaagt

catgggagac

cggttgggaa

tttggcggcet

atgggttggc

tggtaggagt

gccoccoctataa

tcecgcecaagt

tcgccaccecy

ttcgeccgact

cgagcgggtc

acatcggcaa

accacgccgyg

gcgcatggcec

aaggcctcct

accgtceggey

cgtgctcccec

tggagacctc

accgtcaccy

gacccgcaag

ccgaaaggag

tgttacgtgc

accctcagta

tggacgtggt

tggﬂttggtg

aacataattg

ggcgattggc

tccgaatcegy

aaaacgcgtc

cttttcecgggy

cattcaaata

ataatattga

Ctattccctt

acgctggtga

ttacatcgac

7S

ggcactgttyg

tccagtgata
tggttacagt
gaggtgaacc
ttcacgtctc
tgttcactca
accgcctgygg
aggaattcat
tgaactggat
atcaacacaa
gatcatgatyg
ctctcectacygyg
ctagagctta
cgacgacgtce
accccgecac
accgagctgce
ggtgtgggtc
agagcgtcga
gagttgagcg
ggcgcagcac
tctcecgcececcga
ggagtggagg
cgcgececocygc
ccgacgtcga
cceggtgect
cgcacgaccce
aaaggtgatt
tcacgcccaa
taacatccct
ctggctacta
aatacagcag
atgccgectt
attttgtttt
gaggggaatt
aaatgtgcgc
tgtatccgcet
aaaaggaaga
ttttgcggca

aagtaaaaga

tggatctcaa

tgatgcaggt

gtagctgatyg

taaccccatc

caccttttgyg

acttaccagt

gaccatgaaa

atttcagctc

acggtgtttyg

aacaaaggtc

gaaacatgac

CCCCEgLtcCtc

ctaacctgaa

ccatgaccga

cccagggecy

gcgccacacce

aagaactctt

geggacgacy

agcygggyggcy

gttccegget

cggcccaagy

ccaccagggc

cggocgaygccdy

aacctcececect

gtgcccgaag

gacgcccgcedc

catgatcgcet

gtcacccccc

acatttacag

gctgggagga

ttgtggccat

caattggcaa

aaaattttta

taatatttca

aattcttgaa

ggaaccccta

catgagacaa

gtatgagtat

ttttgccttc

tgctgaagat

cagcggtaag
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gaaagtgtca

atcttacagc

gcctcaacca

agacagctac

ggcacaaaga

ggcgtggaac

cgetggaggyg

gctctgectt

atcatgggdag

aatgtccatg

taggagttgg

tggactacga

gtacaagccc

tacgcaccct

gtcgatccgy

cctcacgcecgce

gcgecegeggt

gtgttcgccy

ggcocygcygcady

agcccgegtyg

aagggtctgg

cgeceggggtrg

tctacgagcg

gaccgcgcega

ccacgacccy

agaccatggyg

gaaagaccat

ccgeggtgte

tcagccgtaa

gtacgtgctyg

gctgcttaca

CCCtattttt

ddddadaddadad

gacdaaaddd

Cttgtttatt

taaccctgat

tcaacatttc

ctgtttttge

cagttgggtg

atccttgaga

9400

9450

9500

5550

5600

5650

5700

5750

9800

9850

95900

95950

10000

10050

10100

10150

10200

10250

10300

10350

10400

10450

10500

10550

10600

10650

10700

10750

10800

10850

10500

105950

11000

11050

11100

11150

11200

11250

11300

11350

76



gttttcgecce

ctatgtggcy

tcgccocgcata

cagaaaagca

gccataacca

cgdaggyaccd

taactcgcct

gacgagcgtg

actattaact

actggatgga

ccggcectgget

tcgeggtatc

tagttatcta

cagatcgcty

ccaagtttac

ttaaaaggat

ccttaacgtyg

caaaggatct

dddacCadddadd

ctaccaactc

aaatactgtc

ctgtagcacc

gctgccagtyg

gttaccggat

agcccagcett

gagcattgag

tccggtaagc

gdgdygaaacygc

cttgagcgtc

aaacgccagc

cgaagaacgt

cggtattatc

cactattctc

tcttacggat

tgagtgataa

aaggagctaa

tgatcgttgy

acaccacgat

ggcgaactac

ggcggataaa

ggtttattgce

attgcagcac

cacgacggygy
agataggtgc
tcatatatac
ctaggtgaag
agttttegtt
tcttgagatc
accaccgcta
tttttccgaa
cttctagtgt
gcctacatac
gcgataagtc
aaggcgcagc
ggagcgaacyg
aaagcgccac
ggcagggtcyg
ctggtatctt
gatttttgtg

aacgcgagcet

<210> SEQ ID NO 10
<211> LENGTH: 10926

«212> TYPE:

DNA

77

tttccaatga
ccgtgttgac
agaatgactt
ggcatgacag
cactgcggcc
ccgetttttt
gaaccggagc
gcctgtagca
ttactctagce
gttgcaggac
tgataaatct
tggggccaga
agtcaggcaa
ctcactgatt
tttagattga
atccttttty
ccactgagcg
CCLCCLCLtct
ccagceggtgg
ggtaactggc
agccgtagtt
ctcgectetge
gtgtcttacc
ggtcgggcetg
acctacaccg
gctteccgaa
gaacaggaga
tatagtcctg
atgctcgtca

cgatttaggt

tgagcacttt

gccgggcaay

ggttgagtac

taagagaatt

aacttacttc

gcacaacatg

tgaatgaagc

atggcaacaa

ttcccggcaa

cacttctgey

ggagccggtyg

tggtaagccc

ctatggatga

aagcattggt

Cttaaaactt

ataatctcat

tcagaccccy

gcgcgtaatce

tttgtttgec

ttcagcagag

aggccaccac

taatcctgtt

gggttggact

aacggggggt

aactgagata

gggagaaagy

gegcacgagy

tcgggttteyg

gg9ggggcgga

gacactata

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 10

gatgggcggce

gaaagttcac

agcggagctt

gaccatgcta

aacggaggtg

gcatgagaga
gttgacatcyg
cccgecagttt
atgccagagc

gacccatccg

agcccagacc

aggaagacag

gaggtagaag

gttttcgcat

acacgatcct

aattacctac

cccattcecte

ccaagcaggt

ctggcttcaa

tgacattgga

US 8,252,574 B2
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taaagttctyg

agcaactcgy

tcaccagtca

atgcagtgct

tgacaacgat

ggggatcatg

cataccaaac

cgttgcgcaa

caattaatag

ctcggecctt

agcgtgggtc

tccegtateg

acgaaataga

aactgtcaga

catttttaat

gaccaaaatc

tagaaaagat

tgctgettgce

ggatcaagag

cgcagatacc

ttcaagaact

accagtggct

caagacgata

tcgtgcacac

cctacagegt

cggacaggta

gagcttccag

ccacctctga

gcctatggaa

sequence of VEErep/C2opt/pac plasmid

ccaaaatgga

agagctttygce

cactgataat

aactgatcga

agtgcgcccg

11400

11450

11500

11550

11600

11650

11700

11750

11800

11850

11200

11950

12000

12050

12100

12150

12200

12250

12300

12350

12400

12450

12500

12550

12600

12650

127700

127750

12800

128395

50

100

150

200

250

78



cccgcagaat

tgtgcggaag

aaactgtaag

tggccgcecgt

cacgacgacyg

tgtatacgcy

gagttagagt

aagaacttgg

aaccgtgtta

agcggtcacy

tccaacaatg

ggacttactg

agcaaaatta

gtcgttaaaa

ctatgctgcet

acacattgaa

gctacattgt

gdacydacycCcy

acggtcgcac

gtagtggccc

agaagatgaa

gttgttgggc

gatacccaaa

gcccaggata

ggaaaatgtt

gacgtacaag

agcecgaggag

agcccactct

ggctcagtgg

cgaggacaag

agagtgaaaa

ataacacact

taaagtagtyg

ctctgagtga

aggtacctgc

agaatattac

acgacatcga

gggctcacag
gagtctgaga

tgtatggcgt

gtattctaag

atccggacag

gaaataactg

catgagcgac

agtcgtgtcyg

gttgacggac

cgcctactygy

ctggagcata

acggctcgta

tagagggatg

CCCctattctc

aggagctggc

cacatgtcgy

gaatagctat

acgatgcacc

cggggagagy

gtgaccaaat

caaaaactgc

ccagagaaac

aggcatttgc

aggccactag

ttttagaagy

ccatcatcaa

ggcagtaaca

agaggagcac

aagctaagtyg

ttgcgcgcag

ggaagccgat

agacacctcg

atcggctcett

attatcttgce

ctggccgaaa

gtgccagagyg

aagtgccacc

accatattgc

aaaactgtca

caggaaacag

gcgagetggt

acacgaccag

gccaggatca

79

cacaagtatc
attgtataag
ataaggaatt
cctgacctygg
ctacgaaggg
cgacaagtct
ataggctttg
tccatcatac
acataggcct
tccattctta
tgttggctceg
acctgcegtce
tgtgagacta
cagtccaggce
gcgagggatt
gtctetttte
gactggcata

tggttgggﬂt

accaatacca
taggtgggca
gactacgaga
cacaagataa
agtgaacagc
cattggagat
aaggagccgt
cgcagcecgat
ctctaccacc
gtcgacttga
tggcttgata
acgctgtgct
atccaccctc
agggcgttat
gacatgcaat
attgtgtaca
cacacatgga
agcccagega
tgcgtcaaga
ggatcctccc

ccgctcctta

ggcaagtctyg

attgtatctg

tatgcaacta

ggacaagaaa

aaactgagac

caagtcgctyg

ctatcaccaa

acaccacccc

tctaccaact

atgcagctct

gaaagaagta

accatctacc

tgtatttcac

tagttagttyg

ctgtatggga

cttgtgctgc

ccgtgtgceac

ctggcaacag

caaccagcgt

tgaaaaatta

aaggaatata

tagacagtta

catctattta

gatttccact

cgggctgaga

cacctctcat

gaggctaagg

tttggcagct

tgttacaaga

aaggttacca

ttctcogecag

tcgctgaaca

gccgtggaac

acccgtceccag

acgaacgtga

ggagcgctga

gcacgacggc

aagaactagt

ttccatgaat

ccaagtacca

gcatcattaa

US 8,252,574 B2
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tccgatgaga

agctgaagaa

atgaaggagc

tatgtgcctc

tttaccagga

gccaataagyg

CCttatgttt

gggccdacda

gacgttatgy

Cttgaaacca

acgagaagag

ttacgtggca

cgacgggtac

agccttcecagy

aaagtgacag

gtatgtgcca

atgtcagtgc

atagtcgtca

ccttttgecece

aggaagatca

gtcatggggt

taagcgcccyg

cattcgtgcet

acaagaatca

taccgeccgag

aggtgcgtga

gatgttgagg

ggctggggcec

gctacgatgyg

gctgtactca

agtcatagtg

cataccatgg

gactttcaag

gttcgtaaac

acactgatga

gaatacctgt

cactgggcta

tcgcecctacga

accatagggyg

aagcgcagtce

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000

1050

11060

1150

1200

1250

1300

1350

1400

1450

1500

1550

1600

1650

1700

1750

1800

1850

1900

1950

2000

2050

2100

2150

2200

2250

80



daccaaadadaad

tataagggac

tggactcagt

attgacgaag

cattataaga

gCLtLLttttaa

acacaagtct

ttcggtegtc

cgaaagagac

caggacgatc

aatagattac

tgacccgtaa

ctgtacgcac

ggaccgcatc

tgactgccaa

gcagagcatg

cgacgtcecttc

cggtgctgaa

gtggattatt

ccaactatgc

ctgcacccac

ccgtegecta

tcgcaggtac

acatgaacac

cctgtaaaca

cccacagagt

tcectggtggt

ttgtcagacc

cccaggtgat

catataaata

agcatgttga

tgtcagcata

gtgctatagc

tcacttgaayg

ggcccocgtacy

atacaggttc

gtgcgaggygyg

taacagcaaa

aattcccgga

ctggtcaaag

atctagtggt

gtcaagaaaa

gctcecttgaat

cttttgcttyg

cctaaaaagy

catgatgtgc

tccacaaaag

tcaaccttgt

taagattgtyg

tcattctcac

aaaggcaacyg

aggtgtgtat

ccacctcaga

gtgtggaaaa

gtaccctggyg

atgccatcat

cagaataagg

gaccgctggce

ttgaaacgga

gtgaggttct

tgttcecgtta

acatgtacgyg

ccacaactgc

tggtacactyg

gaagactgcc

gacttttett

cgdydgaaaad

ggcctgaggc

gtgcccaaat

ccatcactat

ccaagaaagc

ggttatggtt

gcggcagttce

agacggaagt

cacaatcctt

cagactccac

atattgccac

ggacaacctg

aagcttcgat

gtgcagctaa

81

gagcgccaag
tgaaagggct
ggatgcaaac
tcatgcaggt
cagtgctctg
ctgaaagtgc
catctctcgce
tttacgacaa
attgacacta
ttgtttcaga
aaataatgac
gccgtteggt
acatgtgaac
cactagccygg
aatttcactg
gaggcacatc
caaacgtgtg
atagacatga
caaagctcac
ttggactcga
tccattagga
gctgaataaa
ctcgggcagt
cgcaattatg
tcatgcttta
cattcgtcag
ttgtccgtcc
taccttcaga
atgacataat
cagcagtgtg
ttgtctgeat
acgctgacag
aagttttccc
tctgtttgta
acaagctttc
gaagccggat
ggccaccgaa
gcggaggggt

ttacagccga

acatatcatt

aaagaaaact

ggacgtcaat

accccecgtaga

actctcagag

cggggatccc

attttaacca

cgttgcacta

aaaaatgaga

ccggcagtac

gggtgggtga

ggcagctgcec

acaaggtgaa

gtcctactga

cgacccatgy

ccacgataga

ttggagagac

ttgggccaag

ccactgaaca

tcagcagaga

tctggactec

ataatcactg

gaagtggtcc

tgccactgga

atccgegceat

gtcctecacc

caaattgaag

caggcaaaat

gﬂtﬂggﬂtgg

atttgttaat

aagaccatgc

ctgaatcccy

ggccagcgaa

gggtatgcaa

ttcattgggt

atcaaccttg

gtgcaccctce

ggagtgatta

gtgcggagcyg

tcgaagtagy

catgccgtag
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gtgcagaaat

gccagaactyg

gaccctgtat

cgctcatagce

aaacagtgcg

cgagatttgce

aatctgtgac

acgacgaatc

caaacctaag

agcagttgca

tctcaagggce

tgaaaatcct

ccegcecacgga

ataaaaacac

ggagtggcaa

cggaccctac

gctttagtgc

atggaacact

tagtattgaa

ggtctatttt

ggataactcc

gtcagctctc

agagtctatg

aaacctagta

ataatgaaca

ggcagaactyg
ggttgactgg
atttaggcat
gtgaggaccc
cattaagctt
gcggaacctyg
agcatcattyg
accgaaatcc
acgatcgcaa
accaacattt
atatcatgtyg
taaatgctgc
ctgtataaga
aaaagcgcga

gaccaaactt

2300

2350

2400

2450

2500

2550

2600

2650

2700

2750

2800

2850

2900

2950

3000

3050

3100

3150

3200

3250

3300

3350

3400

3450

3500

3550

3600

3650

3700

3750

3800

3850

3900

3950

4000

4050

4100

4150

4200

4250

32



caacaaagtt

agtccatcgce

ccactgttgt

tcattgaacc

catatactgc

ctaggagaga

acagaacctyg

tggaaggaag

aagggaccaa

atgtggcccy

cggagaaagc

aagcctccac

actccagaaa

tgtgtgctca

agatccaatyg

attcatccaa

ggagccatcg

cacttataac

atcgaagagy

ccaccaggtyg

ctagctcatc

ttatccatac

gtcagccgag

gaccggtgcec

ccgegcacaa

cagcctagtt

agctcgaggc

accagcctgy

ggagtttgag

catacatctt

gtaaggcaaa

gatttcgtat

agaaattaca

aggaaggtgg

cctagggcat

tgcatcctgt

cccaaggtcey

gactgtggct

tggttgacgg

aagctgcgca

tcggaggtty
taagattgtc

ccaccggcat

atttgctgac

agggacaaga
agcagtggag
atgcagagct
ggctacagca
gtttcaccag
ttgcaacgga
atgagcagta
accacctagc
gagtacagcyg
tcctttccecat
ctcccagect
ggaagtatct
gcagagaacc
cgaggatgag
aagaagagga
ctgcaagtcyg
ctggtccatt
ttgacaccct
actaactctt
tgcgcectcega
gaacaccgtc
tccaccecgc
gcttaccccy
tctccaaccc
gcgttegtag
ttcctecgac
cggtgctatc
gcccocogogcoec
gttaaatccc
agaacatgaa
tatttgaagy
tcctttgtat
cagtggaagc
tcttactgta

agcttcatgc

JgCtttccaaa

83

aaggtgacaa
aacgataaca
ttttccecggga
agctttagac
aatgggaaat
gagatatgca
ggtgagggtg
caagcgatygg
gcggccaagd

ggccaatgag

ttaggtcgaa
acgctgectt
cctaaaagcce
tgccgaagta
atattgttct
cgtggaaaca
aatccacaga
accaggacta
tagcataagt
aggcagacat
cctcatgcat
ggagggagct
acttcgcaaa
acagtattca
acttgcaccc
caggcgtgaa
tcacgcactc
gccaggcgta
cacaacaaca
accggtcaag
cgaagtggtg
tcgaccaaga
acacctgcta
agccataaca
cagaaggaaa
tcatctagtyg
ctgtaacgcce
ttattccaga

tgcttagaca

gaaacactcc

acagttggca

attacaagtc

acaaagatcyg

accactgatyg

gactctcaag

tatccgacga

catccgaaga

caaaactttc

atatagcaga

caggtatgca

atgcccecegtc

gcttgtgceat

tcacgtccayg

tagaatcact

caccgaaagt

ccaccggtag

ggggacacct

gaacgcctga

ttgctgtcag

tcacgggccy

ccgactttga

agcgtgacca

gagtatggag

ggaaccctcece

agcagggcct

tagggtgatc

ctagcaggtc

aatagggtga

atgacggttt

ggcatttaca

ttggagagga

aaaagaagaa

acagaagcag

gctagacgta

agtggagtgc

tgaaccgtgc

atgttgaaag

gtacgatgcc

ctgccagttt

tatttggaac
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gaggcttatg

agtagcgatt

actaacccaa

cagatgtagc

gaagcagtgg

ctcttcagtyg

gttctttggce

tcatatttgg

aattaatgcc

tgtatatcct

gaagagtcgyg

ccatgccatg

aacaaattac

ggtgtgcaga

gcctgegtat

acgagactcc

gaacaaccac

gccgatcatc

atggcccgac

ccectetgtat

tgtggacagt

gcgdgyggcaac

tttctggcgce

acatcccgct

gctcgagaac

actagagagyg

ggtctcgaga

ttacaagaga

gatgcgggtyg

acaaaaatca

ccgaattgga

ttactacgca

ataccagtcc

ttctgcaagyg

taccgaaccc

cttttcaagce

agaactttcc

tatttggaca

ttgccctgcea

ccacaatacg

4300

4350

4400

4450

4500

4550

4600

4650

4700

4750

4800

4850

4900

4950

5000

5050

5100

5150

5200

5250

5300

5350

5400

5450

5500

5550

5600

5650

5700

5750

5800

5850

5900

5950

6000

6050

6100

6150

6200

6250

34



atcggcagtg

ctgccacaaa

ttggattcgy

taatgaatat

aaaacgtggt

ctttttgcga

caggtttgta

aacatactga

ctagcaacag

aaatgcggtc

aagactttga

ctggaaacty

tctgaccgcey

tgacgctgat

actaaaacta

cacactgttt

tgagagaacyg

aatatcgtga

cacctggttyg

aagcgcctta

acagcgtgcec

acctctggcea

atgaagagtc

aaggcagtag

ggccatgact

gggcccectat

agtccgccaa

tgggcgtgaa

aagcagaaga

ccaggggttc

tcacggctca

ctcgecggtygc

cctgtectcet

tcattctgga

accgctgget

ctataactct

ccaagtctag

cacccgcgac

ccgactaccc

cgggtcaccy

ccttcecagega

aagaaattgc

cggcectttaa

tgggaaacgt

aaattacatt

agacacataa

atggacttaa

agaacggccc

cgtatctgty

ctgcttececga

cgctattata

acatcgegtc

ttaatgattc

tgaggcggcet

aatttaaatt

gtgaacacag

gctaaccgga

aaggagtcaa

aatatggaag

tttctgtgga

gtgtggcaga

gcagacgatg

aacacgctgy

aatcaaggta

actctagcta

aactctctac

gtctagacca

catggtgagg

ccaagcagat

atcttcttct

cctgaagagy

tcagaaaggt

cgcaagaggc

atgctgctga

gctgctgaat

ctacggctaa

agcttaccat

gacgtcccca

cgccacgcgc

agctgcaaga
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tccagaacac
aatgtcacgc
tgtggaatgc
ttaaagaaaa
accaaattaa
tttgaatatg
agagagacgt
aaggtacagg
cggaatccac
acattcatac
gccgagcact
gtttgataaa
tggaagactt
ttcggcgaaa
cggagccatg
tcattaacat
tcaccatgtg
atcggacaaa
tcaagattat
gggtttattt
ccccectaaaa
aacatgatga
aaccgagtygg
tgaaaccgta
gcagtgttaa
ggctaaccty
tgagcggccyg
cgcggcegtgce
cggcaacaga
tcctgttcaa
ctctggaaga
gaagcgggtc
gctcccacga
tgactggcygg
gtgaccagtyg
cctgaatgga
gaccgagtac
gggccgtacy

cacaccgtcyg

actcttccecte

gctccagaac

aaatgagaga

Ctcaagaaat

ccccatcagy

aaggaccaaa

ttgcaggaca

gaaagtgact

tgatccaggc

cgagagcetgg

actgtttgat

tccagectygy

agtgaggacg

aggtgtggac

CLtcatcaat

atgaaatctyg

tgtaatcgca

cagcattcat

ttaatggcag

agatgctgtyg

tgtgtgactc

aggctgttta

tgacaggaga

gtattcttte

ggaacttcca

atcattcagc

aatggactac

gaaggctcag

gcagcctcte

ccocggaccga

catcctcaca

tgctggaccc

gtcgccectecce

tgtgctcacc

cgtgacccty

aggacctcgy

ctacgacata

aagcccacygy

caccctcgcc

atccggaccy

acgcgegteyg
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gtcctggcag

attgcccegta

atgcgtgtaa

cttactgaag

agctgcectget

taccaatgga

ccaggaacaa

tgccgatcecg

ttaggagatt

atgtcggcetg

ggattgtgtt

acgccatggce

gcagagctgt

acatttgccc

gaatgttcct

agcagagtgt

tggagatgac

acaggtgcgc

gtgggcgaga

cgtgaccggc

agcttggcaa

agggcattgc

agagctgtgce

tcatagttat

tacctgagag

gacatagtct

ggcaagaccc

caacaagatc

gceggggegt

ggtaagaaga

tcgccagggg

tgatgcgedy

gtccaattcc

gtgcgcaaga

gtaagggccc

gtctagtccyg

tgcgectege

gccgegttceyg

ccacatcgag

ggctcgacat

6300

6350

6400

6450

6500

6550

6600

6650

6700

6750

6800

6850

6900

6950

7000

7050

7100

7150

7200

7250

7300

7350

7400

7450

7500

7550

7600

7650

7700

7750

7800

7850

7900

7950

8000

8050

8100

8150

8200

8250

86



cggcaaggtg

cdcodygadgdady

atggccgagt

cctectggey

tcggcecgtcetc

ctccececggayg

gacctccocgceg

tcaccgcecga

cgcaagcccy

aaggagcgca

acgtgcaaayg

tcagtatcac

cgtggttaac

Ctggtgctgyg

taattgaata

attggcatgc

aatcggattt

cgegtcecgagg

tcggggaaat

caaatatgta

tattgaaaaa

CCCCCLtCECLtE

tggtgaaagt

atcgaactgy

agaacgtttt

tattatcccy

tattctcaga

tacggatggc

gtgataacac

gagctaaccyg

tcgttgggaa

ccacgatgcec

gaactactta

ggataaagtt

ttattgctga

gcagcactgy
gacggggagt
taggtgcctc

tatatacttt

ggtgaagatc

tgggtcgcegy

cgtcgaagcy

tgagcggttc

ccgcaccggc

gcccgaccac

tggaggcggc

ccCcCygCaacc

cgtcegaggtg

gtgcctgacy

cgaccccatyg

gtgattgtca

gcccaaacat

atccectygety

ctactattgt

cagcagcaat

cgccttaaaa

Cgtttttaat

ggaattaatt

gtgcgcggaa

tccgcectcecatyg

ggaagagtat

gcggcatttt

aaaagatgct

atctcaacag

ccaatgatga

tgttgacgcc

atgacttggt

atgacagtaa

tgcggccaac

cttttttgca

ccggagcetga

tgtagcaatyg

ctctagcettc

gcaggaccac

taaatctgga

ggccagatgyg

caggcaacta

actgattaag

agattgattt

ctttttgata
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acgacggcgc
ggggceggtgt
cocggetggec
ccaaggagcc
cagggcaagyy
cgagcgcegcoc
tccecttceta
cccgaaggac
ccogeoccac
atcgctagac
ccococcegaaa
ttacagccgc
ggaggatcag
ggccatgtac
tggcaagctyg
CCCCtatttt
atttcaaaaa
cttgaagacyg
ccectatttyg
agacaataac
gagtattcaa
gccttectgt
gaagatcagt
cggtaagatc
gcacttttaa
gggcaagagc
tgagtactca
gagaattatg
ttacttctga
caacatgggy
atgaagccat
gcaacaacgt
ccggcaacaa
ttctgegcetc
gccecggtgagce
taagccctcec
tggatgaacyg
cattggtaac

aaaacttcat

atctcatgac

cgeggtggeg

tcgccgagat

gcgcagcaac

cgcgtggttc

gtctgggcag

ggggtgccecyg

cgagcggctc

cgcgcacctyg

gacccgcagce

catggggtac

gaccatattg

ggtgtcaaaa

ccgtaattat

gtgctgacca

cttacataga

Attttttctt

ddddadddadd

aaagggccag

CECLatttttc

cctgataaat

catttccgtyg

ttttgctcac

tgggtgcacg

cttgagagtt

agttctygcta

aactcggtey

ccagtcacag

cagtgctgcc

caacgatcgyg

gatcatgtaa

accaadacygac

tgcgcaaact

ttaatagact

ggcccttecy

gtgggtctcg

cgtatcgtag

aaatagacag

tgtcagacca

Ctttaattta

caaaatccct
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gtctggacca

cggeocgceygc

agatggaagyg

ctggccaccyg

cgccegtegtyg

ccttectgga

ggcttcaccyg

gtgcatgacc

gcccgaccga

cgagtatgtt

tgacacaccc

accgegtgga

tataattggc

daccadaaacd

actcgcggceg

ttcttttecyg

ddddadddad

gtggcacttt

taaatacatt

gcttcaataa

tcgcecccettat

ccagaaacgc

agtgggttac

ttcgccecccga

tgtggcgcegy

ccgcatacac

aaaagcatct

ataaccatga

aggaccgaag

ctcgecttga

gagcgtgaca

attaactggc

ggatggaggce

gctggctggt

cggtatcatt

ttatctacac

atcgctgaga

agtttactca

aaaggatcta

taacgtgagt

8300

8350

8400

8450

8500

8550

8600

8650

8700

8750

8800

8850

8900

8950

5000

5050

5100

5150

5200

5250

5300

5350

9400

9450

9500

9550

9600

9650

5700

95750

5800

5850

5900

9950

10000

10050

10100

10150

10200

10250
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tttegtteca

tgagatcctt

accgctacca

ttccgaaggt

ctagtgtagc

tacatacctc

ataagtcgtyg

gcgcageggt

gcgaacgacc

gcgccacgcet

agggtcggaa

gtatctttat

ttttgtgatyg

gcgagctcga

ctgagcgtca

tttttetgeg

gcggtggttet

aactggcttc

cgtagttagy

gctctgctaa

tcttaccggy

cgggctgaac

tacaccgaac

tcccgaaggy

caddagagcd

agtcctgtcey

ctcgtcagygy

tttaggtgac

<210> SEQ ID NO 11
<211> LENGTH: 12836

<212> TYPE:

DNA

89

gaccccgtag
cgtaatctgce
gtttgccgga
agcagagcgc
ccaccacttc
tcctgttacce
ttggactcaa
ggggggttcg
tgagatacct
agaaaggcygg
cacgagddag
ggtttcgcca

gggcggagcec

actata

aaaagatcaa

tgcttgcaaa

tcaagagcta

agataccaaa

aagaactctyg

agtggctgcet

gacgatagtt

tgcacacagc

acagcgtgag

acaggtatcc

cttccagggy

cctetgactt

tatggaaaaa

<213> ORGANISM: artificial sequence
<220> FEATURE:

«223> OTHER INFORMATION: sequence of VEErep/Copt-prM-E/Pac plasmid

<400> SEQUENCE: 11

gatgggcggce
gaaagttcac
cagcggagct
tgaccatgct
aaacggaggt
gceocgcagaa
atgtgcggaa
aaaactgtaa
ctggccgcecyg
ccacgacgac
atgtatacgc
ggagttagag
taagaacttg
aaaccgtgtt
gagcggtcac
atccaacaat
gggacttact
aagcaaaatt
cgtcgttaaa
gctatgctgce

gacacattga

gcatgagaga
gttgacatcg
tcccocgecagtt
aatgccagag
ggacccatcc
tgtattctaa
gatccggaca
ggaaataact
tcatgagcga
gagtcgtgtc
ggttgacgga
tcgectactyg
gctggagcat
aacggctcgt
gtagagggat
gttctattct
gaggagctgyg
acacatgtcyg
agaatagcta

tacgatgcac

acgygygygagay

agcccagacc

aggaagacag

tgaggtagaa

cgttttcgca

gacacgatcc

gcacaagtat

gattgtataa

gataaggaat

ccctgacctyg

gctacgaagyg

ccgacaagtc

gataggcttt

atccatcata

aacataggcc

gtccattett

ctgttggctc

cacctgccegt

gtgtgagact

tcagtccagy

cgcgagggat

ggtctetttt

aattacctac

cccattcecectce

gccaagcagg

tctggcettea

ttgacattgy

cattgtatct

gtatgcaact

tggacaagaa

gaaactgaga

gcaagtcgct

tctatcacca

gacacCcacCccc

ctctaccaac

tatgcagctc

agaaagaagt

gaccatctac

ctgtatttca

atagttagtt

cctgtatggy

tcttgtgetyg

ccegtgtgea
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aggatcttct

cdaaaaaacc

ccaactcttt

tactgtcctt

tagcaccgcc

gccagtggceg

accggataag

ccagcttgga

cattgagaaa

ggtaagcggc

gaaacgccty

gagcgtcgat

cgccagcaac

ccaaaatgga

aagagctttg

tcactgataa

aaactgatcg

aagtgcgccc

gtccgatgag

aagctgaaga

aatgaaggag

ctatgtgcct

gtttaccagyg

agccaataag

CCtttatgtt

tgggccgacg

tgacgttatg

atttgaaacc

cacgagaaga

cttacgtggce

gcgacgggta

aagccttcag

caaagtgaca

cgtatgtgcc

10300

10350

10400

10450

10500

10550

10600

10650

10700

10750

10800

10850

10900

10926

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000

1050

90



agctacattg

cggacgacgc

aacggtcgca

cgtagtggcc

aagaagatga

Cgttgttggg

ggatacccaa

tgcccaggat

aggaaaatgt

ggacgtacaa

aagccgagga

gagcccactce

cggctcagty

gcgaggacaa

aagagtgaaa

gataacacac

gtaaagtagt

gctctgagtyg

caggtacctyg

aagaatatta

tacgacatcyg

agggctcaca

agagtctgag

gtgtatggceg

caccaaaaaa

ttataaggga

gtggactcag

tattgacgaa

ccattataag

ggttttttta

cacacaagtc

cttcggtcegt

ccgaaagaga

gcaggacgat

aaatagatta

acccgtaaag

gtacgcaccc

accgcatcgt

actgccaagt

agagcatgat

tgtgaccaaa

gcaaaaactyg

cccagagaaa

caggcatttyg

aaggccacta

cttttagaag

accatcatca

aggcagtaac

tagaggagca

gaagctaagt

gttgcgcogca

tggaagccga

gagacacctc

gatcggctcet

aattatcttyg

tctggccgaa

ggtgccagag

aaagtgccac

caccatattg

caaaactgtc

acaggaaaca

ggcgagcetgg

aacacgdacca

tgccaggatc

gatctagtygg

cgtcaagaaa

tgctcttgaa

gcttttgett

acctaaaaag

acatgatgtyg

ttccacaaaa

ctcaaccttg

ctaagattgt

ctcattctca

caaaggcaac

gtgtgtatgc

acctcagaac

gtggaaaaca

accctgggaa

gccatcatga
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tgactggcat

Ctggttgggc
caccaatacc
ctaggtgggc

ggactacgag

gcacaagata
aagtgaacag
acattggaga
caaggagccy
gcgcagcocga
gctctaccac
tgtcgactty
gtggcttgat
tacgctgtgc
catccaccct
aagggcgtta
ggacatgcaa
cattgtgtac
ccacacatgyg
aagcccagcyg
gtgcgtcaag
tggatcctcc
gccgcetectt
aggcaagtct
tgagcgccaa
atgaaagggc
tggatgcaaa
gtcatgcagyg
gcagtgctct
cctgaaagtyg
gcatctctcg
ttttacgaca
gattgacact
cttgtttcag
gatatgacgg
cgttcggtac
atgtgaacgt
ctagccggcy
tttcactgcc

ggcacatctt

actggcaaca

tcaaccagcy

atgaaaaatt

aaaggaatat

atagacagtt

acatctattt

cgatttccac

tcgggctgag

tcacctctca

tgaggctaag

ctttggcagc

atgttacaayg

aaaggttacc

tttcteecgea

ctcgctgaac

tgccgtggaa

tacccgtcca

aacgaacgtyg

aggagcgctg

agcacgacgyg

aaagaactag

cttccatgaa

accaagtacc

ggcatcatta

gaaagaaaac

tggacgtcaa

caccccecgtag

tactctcaga

gcggggatcc

cattttaacc

ccgttgcecact

aaaaaatgag

accggcagta

agggtgggtyg

cagctgcctc

aaggtgaatyg

cctactgacce

acccatggat

acgatagagyg

gdadagaccyd
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gatgtcagtg

tatagtcgtc

accttttgec

aaggaagatc

agtcatgggg

ataagcgccc

tcattcgtgce

aacaagaatc

ttaccgccga

gaggtgcegtyg

tgatgttgag

aggcetggggc

agctacgatyg

ggctgtactc

aagtcatagt

ccataccatg

ggactttcaa

agttcgtaaa

aacactgatg

cgaatacctg

tcactgggct

ttcgectacyg

aaccataggg

aaagcgcagt

tgtgcagaaa

tgccagaact

agaccctgta

gcgctcatag

caaacagtgc

acgagatttg

aaatctgtga

aacgacgaat

ccaaacctaa

aagcagttgc

tcaagggctyg

aaaatcctct

cdcacydygady

aaaaacactg

agtggcaagc

gaccctaccyg

1100

1150

1200

1250

1300

1350

1400

1450

1500

1550

1600

1650

1700

1750

1800

1850

1900

1950

2000

2050

2100

2150

2200

2250

2300

2350

2400

2450

2500

2550

2600

2650

2700

2750

2800

2850

2900

2950

3000

3050

92



acgtcttcca

gtgctgaaga

ggattatttt

aactatgcgt

gcacccactg

gtcgcctaac

gcaggtaccc

atgaacactyg

tgtaaacaga

cacagagtga

ctggtggtcg

gtcagaccgg

caggtgatgt

tataaatacc

catgttgacc

tcagcatagy

gctatagcgce

acttgaagag

ccegtacgcea

acaggttcca

gcgaggggat

acagcaaagg

ttcccggaaa

ggtcaaaggt

acaaagtttc

tccatcgcta

actgttgtcc

cattgaacca

atatactgca

taggagagaa

cagaacctga

ggaaggaaygy

agggaccaag

tgtggcccgt

ggagaaagca

agcctcecaca

ctccagaaayg

gtgtgctcat

gatccaatgc

ttcatccaag

gaataaggca

ccgetggeat

gaaacggaca

gaggttcttt

ttcegttatc

atgtacgggc

acaactgcct

gtacactgcyg

agactgcctc

CCLCLCCLCttcCa

gggaaaagtt

cctgaggcta

gcccaaatat

atcactatca

aagaaagctt

ttatggttac

ggcagttcaa

acggaagttc

caatccttac

gactccacga

attgccacgyg

acaacctggc

gcttecgattt

gcagctaaac

ggaggttgaa

agattgtcaa

accggcatct

tttgctgaca

gggacaagaa
gcagtggagyg
tgcagagctyg
gctacagcac
tttcaccagy
tgcaacggayg
tgagcagtat
ccacctagcea
agtacagcgc
cctttccatt

tcccagccta

gaagtatctc
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aacgtgtgtt
agacatgacc
aagctcactc
ggactcgatc
cattaggaat
tgaataaaga
cgggcagttyg
caattatgat
atgctttagt
ttcgtcagca
gtccgtccca
ccttcecagagce
gacataatat
gcagtgtgaa
gtctgcatct
gctgacaggy
gttttcccecgy
tgtttgtatt
aagctttcat
agccggatgt
ccaccgaagg
ggaggggtgt
acagccgatc
atatcattca
ggtgacaaac
cgataacaat
tttccgggaa
gctttagaca
atgggaaatg
agatatgcat
gtgagggtgc
aagcgatggc
cggccaagga
gccaatgagc
taggtcgaaa
cgctgecttyg
ctaaaagcct
gccgaagtat
tattgttctc

gtggaaacac

gygccaagdqcCc

actgaacaat

agcagagata

tggactccgy

aatcactggy

agtggtccgt

ccactggaag

ccgcocgceataa

cctccaccat

aattgaaggyg

ggcaaaatgyg

tcggctggat

ttgttaatgt

gaccatgcca

gaatcccggce

ccagcgaaag

gtatgcaaac

cattgggtac

caaccttgac

gcaccctcat

agtgattata

gcggagegcet

gaagtaggaa

tgccgtagga

agttggcaga

tacaagtcag

caaagatcga

ccactgatgc

actctcaagy

atccgacgac

atccgaagag

aaaactttct

tatagcagaa

aggtatgcat

tgcccegtey

cttgtgcatc

cacgtccaga

agaatcactyg

accgaaagtyg

caccggtaga
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tttagtgccy

ggaacactgt

gtattgaacc

Cctattttct

ataactcccc

cagctctctc

agtctatgac

acctagtacc

aatgaacacc

cagaactgtc

ttgactggtt

ttaggcatcc

gaggacccca

ttaagcttag

ggaacctgtyg

catcattggt

cgaaatcctc

gatcgcaagyg

caacatttat

atcatgtggt

aatgctgcta

gtataagaaa

aagcgcgact

ccaaacttca

ggcttatgag

tagcgattcc

ctaacccaat

agatgtagcc

aagcagtggc

tcttcagtga

ttctttgget

catatttgga

attaatgcca

gtatatcctc

aagagtcgga

catgccatga

acaaattact

gtgtgcagaa

cctgcgtata

cgagactccg

3100

3150

3200

3250

3300

3350

3400

3450

3500

3550

3600

3650

3700

3750

3800

3850

3900

3950

4000

4050

4100

4150

4200

4250

4300

4350

4400

4450

4500

4550

4600

4650

4700

4750

4800

4850

4900

4950

5000

5050

94



gagccatcgy

acttataacc

tcgaagagga

caccaggtgc

tagctcatcc

tatccatact

tcagccgaga

accggtgect

cgcgcacaag

agcctagttt

gctegaggey

ccagctggtc

agtttgaggc

tacatctttt

aaggcaaacyg

tttegtatgce

aaattacagt

gaaggtggag

tagggcatta

catcctgttc

caaggtcgca

ctgtggcttc

gttgacggag

gctgcgcagce

cggcagtgcec

gccacaadadad

ggattcggcg

atgaatattyg

aacgtggtaa

ttttgcgaag

ggtttgtaat

catactgaag

agcaacagcg

atgcggtcct

gactttgacyg

ggaaactgac

tgaccgegtt

acgctgattyg

taaaactaaa

cactgtttgt

cagagaacca

gaggatgdaga

agaagaggat

tgcaagtcga

tggtccattc

tgacaccctyg

ctaactctta

gcgcctcogaa

aacaccgtca

CCaCCCCYCC

cttaccccecgt

tccaacccgc

gttcgtagca

cctceccgacac

gtgctatccyg

ccecgegectc

taaatcccac

aacatgaaag

tttgaaggca

ctttgtattc

gtggaagcct

ttactgtatt

cttcatgcty

Cttccaaaga

ttcagcgatc

gaaattgcaa

gcctttaatg

ggaaacgttt

attacattac

acacataatt

ggacttaaag

aacggcccaa

tatctgtgcyg

gcttceccgaac

ctattatagc

atcgegtegt

aatgattctyg

aggcggcettt

tttaaattcg

gaacacagtc
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atccacagag
ccaggactag
agcataagtt
ggcagacatt
ctcatgcatc
gagggagcta
cttcgcaaag
cagtattcag
cttgcaccca
aggcgtgaat
cacgcactcc
caggcgtaaa
caacaacaat
cggtcaagygg
aagtggtgtt
gaccaagaaa
acctgctaac
ccataacagc
gaaggaaaag
atctagtgtg
gtaacgccat
attccagagt
cttagacact
aacactccta
cagaacacgc
tgtcacgcaa
tggaatgctt
aaagaaaacc
caaattaaaa
tgaatatgtt
agagacgtga
ggtacaggtg
gaatccaccyg
attcatacac
cgagcacttc
ttgataaaag
gaagacttag
cggcgaaatt
gagccatgat

attaacattyg

gggacacctyg

aacgcctgag

tgctgtcaga

cacgggccgc

cgactttgat

gcgtgaccag

agtatggagt

gaaccctcca

gcagggcctg

agggtgatca

tagcaggtcy

tagggtgatt

gacggtttga

catttacaac

gyadagyacc

aagaagaatt

agaagcagat

tagacgtatt

tggagtgcta

aaccgtgcect

gttgaaagag

acgatgccta

gccagttttt

tttggaaccc

tccagaacgt

atgagagaat

caagaaatat

ccatcaggct

ggaccaaaag

gcaggacata

aagtgactcc

atccaggctyg

agagctggtt

tgtttgatat

cagcctgggg

tgaggacgac

gtgtggacgc

tcatcaatac

gaaatctgga

taatcgcaag
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dacaaccacc

ccgatcatca

tggcccgacce

cctcectgtatce

gtggacagtt

cggygygcaacy

ttctggegeg

catcccecgctc

ctcgagaacc

ctagagagga

gtctcgagaa

acaagagagyg

tgcgggtgca

aaaaatcagt

gaattggaga

actacgcaag

accagtccag

ctgcaaggcc

ccgaaccctyg

tttcaagccc

aactttccga

tttggacatg

gccctgcaaa

acaatacgat

cctggcaget

tgccegtatt

gcgtgtaata

tactgaagaa

ctgctgcectcet

ccaatggaca

aggaacaaaa

ccgatcocget

aggagattaa

gtcggctgaa

attgtgttct

gccatggcetc

agagctgttyg

atttgcccac

atgttcctca

cagagtgttg

5100

5150

5200

5250

5300

5350

5400

5450

5500

5550

5600

5650

5700

5750

5800

5850

5900

5950

6000

6050

6100

6150

6200

6250

6300

6350

6400

6450

6500

6550

6600

6650

6700

6750

6800

6850

6900

6950

7000

7050

96



agagaacggc

tatcgtgaaa

cctggttgaa

gcgccttatt

agcgtgecgt

ctctggcagc

gaagagtcaa

ggcagtagaa

ccatgactac

gcccctataa

tcecgecaagt

ggcgtgaaca

gcagaagacc

aggggttcat

acggctcacc

cgceggtgcetc

tgtccteteyg

attctgggaa

cagatggttyg

ctgtgggcac

tgcccagact

gccagatgac

catatggtaa

attgacttgc

atggatgact

ggttcgtgag

cttgtgggaa

ggﬂtgttggt

atttcattga

caagacaagt

ctcactagag

gttacaatgc

actggagagg

gcgcacttat

aagggagcat

ttgtttgagyg

gcatgtaggyg

agtttgatgc

aaagctacac

ttacatcgct

taaccggatc

ggagtcaaat

tatggaagtc

tctgtggagy

gtggcagacc

agacgatgaa

cacgctggaa

tcaaggtatyg

tctagctagce

ctctectacgy

ctagaccatyg

tggtgaggcg

aagcagatcyg

CELCLCLCLLC

tgaagaggct

agaaaggtga

caagaggcgc

tgctgttgat

ctcctaaatg

aggcaactgc

caatggaata

attgattgcet

gtgtgactca

ctacgcatga

ggaagaatgg

gaaccccttt

gcaacatgac

ccggectact

gggggtgcat

gtgtcactgt

acagtagcca

agttctcact

cccacctagc

tctgatagag

tgtggcatgc

ttgatcagac

gccaagcagg

cctgtcaggc

tggaatgcca

gagatggaaa
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accatgtgca
cggacaaatt
aagattatag
gtttattttyg
ccctaaaaag
catgatgatg
ccgagtgggt
aaaccgtagg
agtgttaaat
ctaacctgaa
agcggcecgga
cggegtgegce
gcaacagacc
ctgttcaaca
ctggaagatg
agcgggtcgt
tcccacgatg
gacgggtgga
tgacatctga
acaacaaaca

caactgtccc

ggtgctatgg
gcaggcaggt
aaaccatggt
gtgaaaggca
tttgcagtyga
gcaacgagtc
cagctcactg
ggaggaactt
tatggcccct
ttgatagacc
catgtgaaga
tgaagagaac
gctggggcaa
gccaaattca
caaaattcag
aaaattggaa
tcccaggaag

ggtgcaaact

cagagagctyg

gcattcattyg

aatggcagac

atgctgtggt

tgtgactccyg

gctgtttaag

acaggagaag

attctttecag

aacttccatc

cattcagcta

tggactacga

aggctcaggg

agcctcectcca

cggaccgagc

tcctecacagy

ctggaccctc

cgcctecctyg

tgctcaccgt

gtgaccttgyg

ggacctcggg

ttttggaagc

aatctcagtc

ggtggaaaac

ctaggaggtc

ttgaagaccc

actccaaaag

cggctcectgac

gtgattgccc

cattggaatt

gggtttcagc

gacaagcctt

tgctgaggtyg

ttaatgacaa

gaadgdggaca

tggctgtggc

cttgtgccaa

tatgtcatca

taccgacatt

tcgagttcat

gcggtggact

gatagtggac
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gagatgacaa

aggtgcgcca

dgydcdgagdaaa

tgaccggcac

cttggcaaac

ggcattgcat

agctgtgcaa

atagttatgg

cctgagaggg

catagtctag

caagaccctyg

acaagatcaa

cggggcgtcc

taagaagatc

gccaggggct

atgcgcggcec

ccaattcctce

tgcggaaaaa

aaaacattct

caagtactgg

caagagagga

gttagagtcyg

aagaagggcc

ggcaagaaaa

attgagagat

cattgcctac

tactggtctt

actgacaggyg

taccctggag

cattggacat

aggaaagtgt

gtgccccagc

atgcgtgcaa

ctatttggga

atccatgagt

gagcacaatt

aagactctca

tgggtatgga

ttggtaacag

agacagtggg

7100

7150

7200

7250

7300

7350

7400

7450

7500

7550

7600

7650

7700

7750

7800

7850

7900

7950

8000

8050

8100

8150

8200

8250

8300

8350

8400

8450

8500

8550

8600

8650

8700

8750

8800

8850

8900

8950

5000

5050

98



cccaggactt

gagatgcatc

agtactggcc

gcgcaatgag

catggtggac

ggggacatcc

caactgacac

ggagccccct

aatcaataaa

atgatgaagt

atcgttggga

aagctcaata

tggccecgtcat

ttcacttcygy

ggggctattt

tacttatatg

atgatcttgyg

gtaagcggcc

agtctagtcc

gtgcgcctceg

cgccgegttc

gccacatcga

gggctcgaca

ggtctggacc

tcggcaccgcey

cagatggaag

cctggcecacc

gcgccgtegt

gccttecoctgy

cggcttcacc

gatgcatgac

cgcccgaccyg

ccgagtatgt

gtgacacacc

aaccgcegtgy

ttataattygg

daccadgaadac

aactcgecggc

ttctttteceg

dddadaddaadad

gaccctgcca

atcttgtcga

ctgggaaacc

ggttacaaag

atgtttcttyg

tacaaaatat

tggccatggc

gcaggattcc

ggcattttgg

gctgattgag

gaggagattc

ggaaagttgt

gggagacacc

Ctgggaaagdg

ggcggcttga

ggttggcatc

taggagtgat

cctataactc

gccaagtcta

ccacccecgcga

gccgactacce

gcgggtcacc
tcggcaaggt
acgccggaga
catggccgag
gcctectgge
gtcggcgtcet
gctcccocgga
agacctccgc
gtcaccgccy
ccgcaagcecc
aaaggagcgc
tacgtgcaaa
ctcagtatca
acgtggttaa
cttggtgctyg
ataattgaat
gattgcatgc

aatcggattt

cgegtcegagg
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tggcagagtyg
atttgaacct
aggaaggctc
gacacaaatyg
cagagtgaaa
gcactgacaa
actgttgtga
agtgatagta
ttacagttaa
gtgaacccac
acgtctcact
tcactcagac
gcctgggatt
aattcatacg
actggataac
aacacaagaa
catgatgttt
tctacggcta
gagcttacca
cgacgtcccc
ccgcecacgceg
gagctgcaag
gtgggtcgceg
gcgtcgaagc
ttgagcggtt
gccgcaccygy
cgcccgacca
gtggaggcgy
gcccocgcaac
acgtcgaggt
ggtgcctgac
acgaccccat
ggtgattgtc
cgcccaaaca
catccctgcet
gctactattyg
acagcagcaa
cgccttaaaa

Cgtttttaat

ggaattaatt

gaagtggcegg

ccgcatgecy

cttgaaaaca

acaacaacct

ttgtcagett

aatgtttttt

tgcaggtgaa

gctgatgatc

ccccatcgcc

cttttggaga

taccagtggc

catgaaaggc

tcagctecge

gtgtttggcet

aaaggtcatc

acatgacaat

ttgtctectag

acctgaatgyg

tgaccgagta

agggccgtac

ccacaccgtc

aactcttcect

gacdacqdgcd

gggggcggtyg

cceggetggce

cccaaggagc

ccagggcaag

ccgagaegegc

ctcecececttcet

gcccgaagga

gccecocgeocca

gatcgctaga

accccccygaa

tttacagccy

gggaggatca

tggccatgta

ttggcaagct

CCCLEttatttt

atttcaaaaa

cttgaagacyg
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ggtgtggaga
ccactatcag
gctcecttactyg
ttacaaacta
tgacactcaa
gtcaagaacc
agtgtcaaaa
ttacagcggc
tcaaccaatyg

cagctacatt

acaaagaggyg
gtggaacgcc
tggagggttc
ctgcctttca
atgggggcdgy
gtccatgagc
gagttggggce
actacgacat
caagcccacyg
gcaccctcgce
gatccggacc
cacgcgcgtc
ccgeggtgge
ttcgccgaga
cgcgcagcaa
ccgegtggtt
ggtctgggcea
cggggtgccc
acgagcggct
ccgegcaccet
cgacccgcag
ccatggggta
agaccatatt
cggtgtcaaa
gccgtaatta
cgtgctgacce
gcttacatag
attttttctt

ddddaaddaad

aaagggccag

9100

9150

9200

9250

5300

5350

5400

5450

9500

9550

5600

9650

9700

9750

5800

5850

5900

5950

10000

10050

10100

10150

10200

10250

10300

10350

10400

10450

10500

10550

10600

10650

10700

10750

10800

10850

10900

10950

11000

11050

100



gtggcacttt

taaatacatt

gcttcaataa

tcgcceccttat

ccagaaacgc

agtgggttac

ttcgecceccecga

tgtggcgcedgdy

ccgcatacac

aaaagcatct

ataaccatga

aggaccgaag

ctcgecttga

gagcgtgaca

attaactggc

ggatggaggc

gCtggCtggt

cggtatcatt

ttatctacac

atcgctgaga

agtttactca

aaaggatcta

taacgtgagt

aggatcttct

cdaaaaaacc

ccaactcttt

tactgtcctt

tagcaccgcc

gccagtggceg

accggataag

ccagcttgga

cattgagaaa

ggtaagcggc

gaaacgcctyg

gagcgtcgat

cgccagcaac

tcggggaaat

caaatatgta

tattgaaaaa

CCCCLtLLtttE

tggtgaaagt

atcgaactygy

agaacgtttt

tattatcccyg

tattctcaga

tacggatggc

gtgataacac

gagctaaccy

tcgttgggaa

ccacgatgcec

gaactactta

ggataaagtt

ttattgctga

gcagcactgyg
gacggggagt
taggtgcctc
tatatacttt
ggtgaagatc
tttcgttcca
tgagatcctt
accgctacca
ttccecgaaggt
ctagtgtagc
tacatacctc
ataagtcgtg
gcgcageggt
gcgaacgacc
gcgcocacgct
agggtcggaa
gtatctttat
ttttgtgatg

gcgagctcga

<210> SEQ ID NO 12
<211> LENGTH: 93

<212> TYPERE:

RNA
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gtgcgcggaa
tccgetecatyg
ggaagagtat
gcggcatttt
aaaagatgct
atctcaacag
ccaatgatga
tgttgacgcc
atgacttggt
atgacagtaa
tgcggccaac
cttttttgca
ccggagetga
tgtagcaatg
ctctagcettce
gcaggaccac
taaatctgga
ggccagatgg
caggcaacta
actgattaag
agattgattt
ctttttgata
ctgagcgtca
tttttctgeg
gcggtggttt
aactggcttce
cgtagttagg
gctctgctaa
tcttaccgygg
cgggctgaac
tacaccgaac
tcccgaagygg
caggagagcd
agtcctgteg
ctcgtcagygg

tttaggtgac

cccocctatttg

agacaataac

gagtattcaa

gccttectgt

gaagatcagt

cggtaagatc

gcacttttaa

gggcaagadgc

tgagtactca

gagaattatg

ttacttctga

caacatgggy

atgaagccat

gcaacaacgt

ccggcaacaa

ttctgcecgcetc

gccggtgagc

taagccctcc

tggatgaacyg

cattggtaac

aaaacttcat

atctcatgac

gaccccgtag

cgtaatctgc

gtttgccgga

agcagagcgc

ccaccacttc

tcctgttacc

ttggactcaa

ggggggttceg

tgagatacct

adaaaqdqcdd

cacgagdggygad

ggtttcgcca

gggcggagcec

actata

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: partial sequence of the C gene of VEE replicon
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CCCatttttc

cctgataaat

catttcegtyg

ttttgctcac

tgggtgcacg

cttgagagtt

agttctgcta

aactcggtcg

ccagtcacag

cagtgctgcec

caacgatcgg

gatcatgtaa

accaaacddac

tgcgcaaact

ttaatagact

ggcccttecy

gtgggtﬂtﬂg

cgtatcgtag

aaatagacag

tgtcagacca

CCCttaattta

caaaatccct

aaaagatcaa

tgcttgcaaa

tcaagagcta

agataccaaa

aagaactctg

agtggctgcet

gacgatagtt

tgcacacagc

acagcgtgag

acaggtatcc

cttcoccagggyg

cctcectgactt

tatggaaaaa

11100

11150

11200

11250

11300

11350

11400

11450

11500

11550

11600

11650

11700

11750

11800

11850

11500

115950

12000

12050

12100

12150

12200

12250

12300

12350

12400

12450

12500

12550

12600

12650

12700

12750

12800

12836

102
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-continued
<400> SEQUENCE: 12
augagcaaaa agccuggugg accuggaaaa uccagagcag ugaacauguu 50
gaagagaggc augccaaggg uccucagucu gaucggocuu aag 93

<210> SEQ ID NO 13

<211> LENGTH: 21

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: partial sequence of the C gene of VEE replicon

<400> SEQUENCE: 13

ucaaaacaaa agaaaagaua a 21

<210> SEQ ID NO 14

<211> LENGTH: 31

<212> TYPRE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: partial amino acid sequence of the C gene of
VEE replicon

<400> SEQUENCE: 14

Met Ser Lys Lys Pro Gly Gly Pro Gly Lys Ser Arg Ala Val Asn
5 10 15

Met Leu Lys Arg Gly Met Pro Arg Val Leu Ser Leu Ile Gly Leu
20 25 30

Lys

<210> SEQ ID NO 15

<211> LENGTH: o

<212> TYPRE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: partial amino acid sequence of the C gene of
VEE replicon

<400> SEQUENCE: 15

ser Lys Gln Lys Lys Arg
5

<210> SEQ ID NO 16

<211l> LENGTH: 90

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of the West Nile RepliVax genome

that overlaps with sequence of VEErep
<400> SEQUENCE: 16
augucuaaga aaccaggagg gcccggcaag agccgggcoug ucaauvaugcu 50

adaaacgcgga augccccgcog uguuguccuu gauuggacuu 950

<210> SEQ ID NO 17

<211> LENGTH: 33

<212> TYPRE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of the West Nile RepliVax genome
that overlaps with sequence of VEErep

<400> SEQUENCE: 17

Met Ser Lys Lys Pro Gly Gly Pro Gly Gly Pro Gly Lys Ser Arg
5 10 15
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Ala Val Asn Met Leu Lys Arg Gly Met Pro Arg Val Leu Ser Leu
20 25 30

Ile Gly Leu

<210> SEQ ID NO 18

<211> LENGTH: 18

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of the West Nile RepliVax genome
overlaps with sequence of VEErep

<400> SEQUENCE: 18

aagcaaaaga aaagagga

<210> SEQ ID NO 19

<211> LENGTH: 6

<212> TYPRE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of the West Nile RepliVax genome
overlaps with sequence of VEErep

<400> SEQUENCE: 19

Lys Gln Lys Lys Arg Gly
5

<210> SEQ ID NO 20

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

223> OTHER INFORMATION: sequence of c¢yclization mutant 7

<400> SEQUENCE: 20

cucaauaugc u

<210> SEQ ID NO 21

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of c¢yclization mutant 8

<400> SEQUENCE: 21

gacaauaugc u

<210> SEQ ID NO 22

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of c¢yclization mutant 9

<400> SEQUENCE: 22

gugaauaugc u

<210> SEQ ID NO 23

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of cyclization mutant 10

<400> SEQUENCE: 23

gucuauaugc u

18

11

11

11

11
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<210> SEQ ID NO 24

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of cyclization mutant 11

<400> SEQUENCE: 24

gucauuaugc u

<210> SEQ ID NO 25

<211l> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of c¢yclization mutant 12

<400> SEQUENCE: 25

gucaaaaugc u

<210> SEQ ID NO 26

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of c¢yclization mutant 13

<400> SEQUENCE: 26

gucaauuugc u

<210> SEQ ID NO 27

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of c¢yclization mutant 14

<400> SEQUENCE: 27

gucaauaucc u

<210> SEQ ID NO 28

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of cyclization mutant 15

<400> SEQUENCE: 28

gucaauaugg u

<210> SEQ ID NO 29

<211l> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of c¢yclization mutant 16

<400> SEQUENCE: 29

gucaauaugc a

<210> SEQ ID NO 30

<211> LENGTH: 11

<212> TYPE: RNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: wild type c¢yclization signal sequence

11

11

11

11

11

11

108



<400>

US 8,252,574 B2
109

-continued

SEQUENCE: 30

agcauauuga c

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQ ID NO 31

LENGTH: 11

TYPE: RNA

ORGANISM: artificial sequence

FEATURE:

OTHER INFORMATION: sequence of cyclization mutant 7

SEQUENCE: 31

agcauauuga g

<210>
<211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 32

LENGTH: 11

TYPE: RNA

ORGANISM: artificial sequence

FEATURE:

OTHER INFORMATION: sequence of cyclization mutant 8

SEQUENCE: 32

agcauauugu c

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

SEQ ID NO 33

LENGTH: 11

TYPE: RNA

ORGANISM: artificial sequence

FEATURE:

OTHER INFORMATION: sequence of cyclization mutant 9

SEQUENCE: 33

agcauauuca <

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 34

LENGTH: 11

TYPE: RNA

ORGANISM: artificial sequence

FEATURE:

OTHER INFORMATION: sequence of cyclization mutant 10

SEQUENCE: 34

agcauauaga c

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQ ID NO 35

LENGTH: 11

TYPE: RNA

ORGANISM: artificial sequence

FEATURE:

OTHER INFORMATION: sequence of cyclization mutant 11

SEQUENCE: 35

agcauaauga ¢

<210>
<211>
«212>
<213>
«220>
<223>

<400>

SEQ ID NO 36

LENGTH: 11

TYPE: RNA

ORGANISM: artificial sequence

FEATURE:

OTHER INFORMATION: sequence of c¢yclization mutant 12

SEQUENCE: 36

agcauuuuga ¢

<210>
<211>
<212 >

SEQ ID NO 37
LENGTH: 11
TYPE: RNA

11

11

11

11

11

11

11

110
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112

-continued

<213> ORGANISM: artificial sequence
<220> FEATURE:
<«223> OTHER INFORMATION:

<400> SEQUENCE: 37

agcaaauuga ¢

<210>
<211>
<«212>
<213>
<220>
<223 >

SEQ ID NO 38
LENGTH: 11
TYPE: RNA
ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION:

<400> SEQUENCE: 38

aggauauuga ¢

<210>
<211>
<212 >
<213>
<220>
<223 >

SEQ ID NO 39

LENGTH: 11

TYPE: RNA

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION:
<400>

SEQUENCE: 39

accauauuga <

<210>
<211>
<212>
<213>
<220>
<223 >

SEQ ID NO 40
LENGTH: 11
TYPE: RNA
ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION:

<400> SEQUENCE: 40

ugcauauuga ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 41
LENGTH: 11
TYPE: RNA
ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION:

<400> SEQUENCE: 41

gucuauuugce u

<210>
<211>
<212>
<213>
<220>
<223 >

SEQ ID NO 42
LENGTH: 11
TYPE: RNA
ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION:

<400> SEQUENCE: 42

agcaaauaga ¢

What is claimed 1s:

1. A replication-deficient pseudoinfectious virus compris-

ng:

a West Nile or Yellow Fever deletion mutant genome com-
prising a deletion within the nucleotide sequence encod-
ing amino acids 26 to 100 of the capsid protein, wherein
the deletion mutant genome cannot produce capsid-con-
taining viral particles 1n a cell that does not express a
capsid protein, wherein the deletion does not disrupt the

sequence of cyclization mutant 13

11

sequence of cyclization mutant 14

11

sequence of cyclization mutant 15

11

sequence of cyclization mutant 16

11

sequence of cyclization mutant 17

11

sequence of cyclization mutant 17

11

maturation of the prM protein or the RNA sequence
required for genome cyclization, and a complementary
capsid protein.

2. The replication-deficient pseudoiniectious virus of
claim 1, wherein said virus 1s a chimeric virus comprising a
heterologous prM-E cassette.

3. The replication-deficient pseudoiniectious virus of
claim 2, wherein the heterologous prM-E cassette 1s from a
yellow fever virus, as West Nile virus, a dengue virus, a

60
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tick-borne encephalitis virus, a Saint Louis encephalitis virus,
a Japanese encephalitis virus, or a Murray Valley encephalitis
VIrus.

4. The replication-deficient pseudoinfectious virus of
claim 1, wherein the deletion 1s of amino acids 26 to 93,
31-93,31-100, or 26 to 100 of the capsid protein.

5. The replication-deficient pseudoinfectious virus of
claiam 1, wherein said deletion mutant genome further
encodes a marker protein or an antigen.

6. The replication-deficient pseudoinfectious virus of
claim 5, wherein the marker protein 1s a green fluorescent
protein.

7. A cell culture system comprising:

a West Nile or Yellow Fever deletion mutant genome com-
prising a deletion within the nucleotide sequence encod-
ing amino acids 26 to 100 of the capsid protein, wherein
the deletion mutant genome cannot produce capsid-con-
taining viral particles 1n a cell that does not express a
capsid protein, and wherein the deletion does not disrupt
the maturation of the prM protein or the RNA sequence
required for genome cyclization; the deletion mutant
genome being inside a cell that expresses a complemen-
tary capsid protein, wherein the cell does not express
prM or envelope proteins.

8. The cell culture system of claim 7, wherein the cell
comprises a replicon encoding a codon-optimized version of
the complementary capsid protein.

9. The cell culture system of claim 7, wherein the cell
comprises an alphavirus replicon encoding the complemen-
tary capsid protein.

10. The cell culture system of claim 9, wherein the alphavi-
rus 1s Venezuelan Equine Encephalitis Virus.

11. A method of producing a replication-deficient pseudo-
infectious virus comprising:

providing a West Nile or Yellow Fever deletion mutant
genome comprising a deletion within the nucleotide
sequence encoding amino acids 26 to 100 of the capsid
protein, wherein the deletion mutant genome cannot
produce capsid-containing viral particles 1n a cell that
does not express a capsid protein, wherein the deletion

does not disrupt the maturation of the prM protein or the
RINA sequence required for genome cyclization;

providing a cell that expresses a complementary capsid
protein;
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inserting the deletion mutant genome into the cell; and

culturing the cell to produce a replication-deficient pseudo-

infectious virus.

12. The method of claim 11, wherein the deletion mutant
genome comprises a heterologous prM-E cassette.

13. The method of claim 12, wherein the heterologous
prM-E cassette 1s from a yellow fever virus, a West Nile virus,
a dengue virus, a tick-borne encephalitis virus, a Saint Louis
encephalitis virus, a Japanese encephalitis virus, or a Murray
Valley encephalitis virus.

14. The method of claim 11, wherein the cell comprises a
genetically engineered replicon derived from a viral vector.

15. The method of claim 14, wherein the replicon encodes
a codon-optimized version of the complementary capsid pro-
tein.

16. The method of claim 14, wherein the replicon com-
prises the unnatural cyclization sequence of SEQ 1D NO:3.

17. The method of claim 11, wherein the deletion mutant
genome comprises one or both of altered C-prM junction
sequences SEQ ID NO:4 and SEQ ID NO:5.

18. The method of claim 11, wherein 1nserting the deletion
mutant genome 1nto the cell comprises transtecting with in
vitro synthesized replicon RNAs, transfecting with plasmid
DNAs designed to synthesize functional alphaviral replicons
from cellular RNA-polymerase II-specific promoter, or by
infecting with alphaviral replicons packaged inside alphavi-
ral structural proteins.

19. The method of claim 14, wherein the replicon 1s an
alphavirus replicon.

20. The method of claim 19, wherein the alphavirus 1s
Venezuelan Equine Encephalitis Virus, Sindbis virus, Eastern
Equine Encephalitis virus, Western Equine FEncephalitis
virus, or Ross River virus.

21. A pharmaceutical composition, comprising the repli-
cation-deficient pseudoinfectious virus of claim 1.

22. The replication-deficient pseudoinfetious virus of
claim 1, wherein the deletion mutant genome comprises one
or both of altered C-prM junction sequences SEQ 1D NO:4
and SEQ ID NO:5.

23. The method of claim 11, wherein the cell does not
express prM or envelope proteins.

24. The cell culture system of claim 8, wherein the replicon

comprises the unnatural cyclization sequence of SEQ ID
NO3.

25. The cell culture system of claim 7, wherein the cell
turther expresses a marker gene.
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